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WHAT- 
ALL THIS ON 
ONE CHASSIS? 


... Delivered immediately! 


The Hamner N-303 Contains in One Package — 


1. Linear Amplifier 
2. Differential Pulse Height Analyzer 
3. Independent Integral Discriminator 


For Scintillation Spectroscopy e Single Spectrum Component Monitoring 
e lonization Chamber Pulse Analysis 


Take a good look at the vital statistics of this attractive package and 
you'll agree there’s nothing finer in the entire nuclear field. Each section 
of this instrument offers specifications equivalent to the finest single 
units available. 

And, if you have a need for speed, they’re available from stock for fast 
delivery. Always look to Hamner for the finest in nuclear instrumentation. 


= 


Send For This Informative, Short-Form Catalog 


Hamner 
Eleetronies Co... Ine. 


Dept.12 P.O. Box 531, Princeton, N. J. PEnnington 7-1320 








Hamner 


LINEAR AMPLIFIER 
Gain: 20,000 at 2¥2 mc bandwidth (10,000 
with delay line clipping) 
Gain Stability: Better than 0.25% /day 
Hum and Noise: Less than 2V peak-to- 
peak at full gain 
Linearity: Better than 0.1%, 0-100V, into 
10K load. Better than 0.2%, 0-100V, 
into 1K load 


DIFFERENTIAL ANALYZER 
Resolving Time: 1.3us 
Window Width Stability: 10mv/day, 0-10V 
width 
Base Line Stability: 50mv/day, 0-100V 
Linearity of Base Line: Better than 0.1%, 
0-100V 


INTEGRAL DISCRIMINATOR 
Resolving Time: 1.5us 
Base Line Stability: 50mv/day, 0-100V 
Linearity: 0.5%, 0-100V 


Both analyzer and discriminator may be 
operated simultaneously to record pulse 
height distribution and at the same time 
monitor background noise. 


Other Hamner Instruments Include: 
High Voltage Power Supplies * Log and 
Linear Count Rate Meters * Decade 
Scalers * Precision Single Channel 
Analyzers -¢ Scintillation Counters « 
Mercury Switch Pulsers ¢ Electronic 
Timers * X-Ray Spectrometers. 








Operator watches television screens as ultrasonic impulses from 
control station cause an electric tow truck to execute a figure eight. 


BaW ROBOTS 


Thrive in Areas of High Radiation 


Under contract to The Atomic Energy 
Commission, B&W engineers have de- 
signed and are perfecting a stable of 
unique robots that can lift half a ton, or 
turn a key in a lock. 

Resourceful Babcock & Wilcox Com- 
pany specialists have conceived and built 
a number of remotely controlled devices 
to perform maintenance and repair work 
in radioactively “hot” areas. Visual con- 
tact is maintained by a closed circuit tele- 
vision system which is designed to give 
the operators a three-dimensional. picture 
of all activities and equipment. 

Combining sensitivity and great power, 
the largest of the mobile units is a three- 
armed, three-ton complex that can pluck 
a heavy drum off the floor, or thread 


pipes, remove bolts, and turn valves with 
near-human skill. 

A more versatile unit, combining, im- 
proving, and compressing the features of 
previous units, has also been developed. 
It will have a ten-foot reach, shielded TV 
cameras, and will be able to duplicate 
nearly all the movements of the human 
hand and arm, including the manipulation 
of portable power tools. 

These devices are typical of many 
specialized components and procedures 
developed by Babcock & Wilcox for 
resolving problems in the nuclear field. 
Perhaps we could help you . .. The 
Babcock & Wilcox Company, Atomic 
Energy Division, 161 East 42nd Street, 
New York 17, N. Y. 


ATOMIC ENERGY DIVISION 


Complete nuclear systems, cores, components, fuel elements, nuclear research and development 
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Bristol Dynamaster* Electronic Instruments have 
proved themselves in thousands of installations. They 
fully meet today’s most exacting standards of aceuracy 
and dependability. They measure almost any variable 
that can be translated into an electrical quantity (d-c 
current, d-c voltage, resistance or capacitance). Just a 
few are: temperature, pH, speed, voltage, smoke density 
and strain. 

Here are some outstanding features that make them 
ideal for industrial plants, pilot plants, and for research, 
test, and laboratory use: 

1. Continuous standardization—eliminates standard- 
izing mechanism and dry cell—no interruption to con- 
trol. But retains precision standard cell for highest accuracy 
and stability. 

2. Simple design — few moving parts. 

3. Easy to use and service—little or no maintenance 
required. 

4. Rugged construction — unaffected by vibration. 


look to Bristol for 
the complete line of 


ELECTRONIC 


MODELS FOR EVERY PURPOSE. Dynamaster Instruments 
are now available as: 
A. Single-pen, two-pen, and multiple-record (up to 24 points) 
strip-chart instruments. 

. One- and two-pen round-chart recorders. 

. High-speed recorders (0.4 second). 

. X-Y¥ recorders. 

. Extended range recorders. 

. Adjustable span and zero recorders. 

. Miniature 3-inch strip-chart recorders. 

. Electric controllers in both strip- and round-chart models — 
all types of control action and as time-program control. 
I. Pneumatic controllers in both strip- and round-chart models 
—all types of control action and time-program control. 
J. Instruments for electronic measurement— pneumatic trans- 
mission of reading by 3-15 psi signal. 
K. Round chart program controllers. 
L. Telemetering transmitters. 
M. Drum-type precision indicators. 
N. Multi-bank recorder—will accept up to 200 separate inputs 
and record them on 12-inch wide strip chart. 
O. Relay-rack mounting models— most models available in 
case that fits standard 19” relay-rack without modification to 
instrument or rack, without panel-cutting or masking. 


Bristol Dynamaster Potentiometer and Bridge Instruments 
can be equipped with analog-to-digital encoders of various 
types for digital readout and computer use. For complete 
details, write for Bulletins P1245A, P1270, P1271, P1242, 
and P1282. The Bristol Company, 147 Bristol Road, Water- 
bury 20, Conn. 9.6 *T.M.Reg.U.S. Pat. OF. 


POTENTIOMETER and 


BRIDGE INSTRUMENTS 





Dynamaster* Electronic Potentiometer or 
Bridge—records on 11-inch, 120-foot- 
long strip chart. 








Dynamaster* Electronic Potentiometer or 
Bridge— records on 12-inch round chart, 
indicates on extra-large scale. 


BRISTOL 
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PROCESS AUTOMATION 


AUTOMATIC CONTROLLING, RECORDING 
AND TELEMETERING INSTRUMENTS 
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NUCLEONICS by Air 


About a quarter of NUCLEONICS' 
20,000 paid circulation goes to sub- 
scribers outside of the United States. 
At last count, 4,736 of you were in this 
category, representing about 80 differ- 
ent countries. 
in Australia or our 43 subscribers in 
Norway or the 220 in Brazil, sea mail 
is often too slow to match the eagerness 


For our 104 subscribers 


felt for word of nuclear developments 
inthe U.S. To help these most eager 
readers, we are now prepared to offer 
air-mail delivery of NUCLEONICS. 
Typical rates for postage alone are 
listed in the table. Rates for coun- 
tries not listed, or for air-mail delivery 





Postage for NUCLEONICS by Air 


Country Yearly airmail rates 


Australia $56 


Brazil 32 
Canada 10 
Chile 26 
France 20 
Germany 21 
Great Britain 20 
India 40 
Italy 23 
Japan 40 
Norway 22 
Saudi Arabia 36 
Union of So. Africa 42 








within the U. S., supplied on request. 
Address all correspondence to Fulfill- 
ment Manager, NUCLEONICS, 330 West 
42nd Street, New York 36, New York. 


Hwachter vs. Doctor 


On page 104 of this issue there is 
presented an intimate view of a reactor 
prior to getting its girdleon. The reac- 
tor is the Heavy Water Components 
Test Reactor that DuPont is building 
for the AEC at Savannah River. The 
‘girdle’ is the set of 50 steel cables 
that will prestress the concrete below- 
grade portion of the HWCTR contain- 
ment structure. 

That picture represents first fruits of 
a trip that Managing Editor Dan 
Cooper made to the Savannah River 
Plant. Other interesting pictures will 
follow, as will, if present intentions are 
fulfilled, certain technical articles on 
various activities at Savannah River. 

About the cross head at the top of 
this item: While at Savannah River, 
Cooper heard L. M. (Mac) Arnett, 
liaison man for the HWCTR project at 
Savannah River, bemoaning the unpro- 
nouncability of HWCTR. ‘‘ Hwachter 
is as close as we’ve been able to come to 
it,’’ he said, clearing his throat. ‘It’s 
funny, we considered representing the 
heavy-water part by DO, which would 
have given us a very euphonious 
‘DOCTR’ ... but somehow it got 
lost.” It does seem ashame .. . not 
that we can ever match the I[talians’ 
Selni for sheer auditory pleasure, but at 
least one can hope for initials that are 
speakable, 

—The Editors 











Lilienthal resigns. ‘David E. 
Lilienthal, chairman of the United 
States Atomic Energy Commis- 
sion, has resigned from that post, 
effective December 21. Lilienthal, 
whose resignation was accepted by 
President Truman, has been chair- 
man of the AEC since it was first 
set up.”’-—NvucLEoNIcs, Dec. ’49, 
p. 76. 

Cobalt radiography. ‘‘A 
gamma-ray source less costly than 
radium and available in units of 
greater activity is now avail- 
able in cobalt-60."’ This introduc- 
tory remark prefaces a classic re- 
view of the physical properties of 
cobalt-60, measurement of source 
strength, preparation of exposure 
curves and handling techniques for 
this radioisotope.—A. Morrison, 
NUCLEONICS, Dec. ’49, p. 19. 

Nuclear opportunities. ‘‘Nu- 
clear engineering constitutes one of 
our technical frontiers. It is a 
young, vigorous, aggressive field. 
Its future is certain. Atomic 
energy is a permanent and rapidly 
developing field. There are few 
limitations on the young man of 
ability, for he can advance as 
rapidly as he is able.’’—L. B. 
Borst, Engineering Opportunities 
in Atomic Energy, NUCLEONICs, 
Dec. ’49, p. 66. 
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Coming Features in 
NUCLEONICS 


Next Month 

The Nuclear Industry Faces the 
1960's 

General Atomics’ High Tempera- 
ture Gas-Cooled Reactor 

Clean Up at NRU 

Vacuum Evaporation Studies with 
tadioisotopes 

Later Months 

Chemical Reprocessing Symposium 

Chemical Protection from Ionizing 
Radiation 

Uranium Monocarbide Fuels 

New Accelerators for Industry 
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to process the metals required 


today in atomic energy applications 
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& Highest quality Boron Stainless Complete facilities for degreasing Vital to light-gauge Zirconium strip production 
and Zirconium strip are rolled on metals are an important element in are this modern Vacuum Annealing Furnace 
Superior's Continuous Hot Mill. Superior's processing leadership. W (top) and related pumping equipment. 
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: ui Stainless Steel with experience in the 
> rolling and processing of zirconium and 
’ 
| its alloys, Superior Steel has the technical 


background, production experience and 
the special equipment necessary to meet 
the exacting requirements for atomic 
; energy applications. Write for our Re- 





search Bulletin 57-N. 


Superior Steel Division 








BARNSTEAD 


BANTAM 
DEMINERALIZER 


DOES 5 WATER 
PURIFICATION JOBS 


EMPLOYS 5 
INTERCHANGEABLE 
CARTRIDGES 


pf} 


PRESSURE 
BANTAM 


STANDARD CARTRIDGE Produces ion free 
water at minimum cost . . . removes 1500 
grains as NaCl (1300 as CaCO3). 
MIXED RESIN CARTRIDGE For operations 
demanding better than 1,000,000 ohms 
resistance and neutral pH. Cartridge ca- 
pacity is 1230 grains as NaCl (1050 at 
CaCO;). Approximately %4 of cartridge 
capacity is million ohm water or better. 
ORGANIC REMOVAL CARTRIDGE Removes 
organics, organic liquids and gases that 
would pass through a demineralizer. Ef- 
fective in removing chlorine. Ideal for 
pre-treating demineralizer feedwater, for 
self-purifying high purity rinse systems 
and other processes where organics or 
odors in the water are objectionable. 
OXYGEN REMOVAL CARTRIDGE Developed 
for cooling water loops where it is impor- 
tant to maintain low oxygen content to 
prevent corrosion. Cartridge removes one 
part per million of dissolved oxygen from 
2500 gallons of water, or 6.8 liters (9.7 
grains) of oxygen at standard temperature 
and pressure. 
CATION CARTRIDGE Provides (1) precious 
metals recovery, (2) radio-active isotope 
recovery, at low cost, (3) also useful for 
removing volatile amines where heating 
plant steam condensate is being used as 
the feedwater for a Still, and (4) where 
close control over the pH of water is nec- 
, the cation cartridge in its ammonia 
or lithium form is effective. 


Write for Literature 


TRADE MARK PEG US PAT. OFF 


arnste 
STILL AND STERILIZER CO. 
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Advanced-Reactor Remarks 





Dear Sir: 


| As the Architect-Engineer selected to 
| study the Advanced Boiling Water Re- 
actor plant for the AEC, we, and our 
|subcontractor General Electric Co., 
have reviewed with interest the article 
|‘‘Advanced Power Reactor Studies— 
Engineering Comparisons,” by S. Baron 
(NU, Aug. ’59, p. 60). 

We have found several items involv- 
ing misinterpretation or erroneous data 
in the text and table of the engineering 
comparison. They are enumerated be- 
jlow. Paragraph numbers appearing in 
| this letter are based on successive num- 
| bering starting with paragraph 1 as the 

first paragraph on p. 60. 

1. Paragraph 2. It is not true that 
the direction of advancement of the 
BWR is towards the position of less re- 
actor boiling. This was 

| apparently based on erroneous Dresden 
|data. (See Item 6 below.) 

2. Par. 6. Considerable difference 
|of opinion exists concerning the feasi- 

bility of achieving over-all economies in 

| utilizing the re-heat cycle for the water 
systems. Studies made by our thermo- 
dynamicists in consultation with lead- 
ing turbine manufacturers indicate that 
although it may be possible under cer- 
tain conditions to increase efficiency 
some small amount, the cost of equip- 
ment to achieve such increase is con- 
siderably greater than the capitalized 
cost benefit of fuel savings. Experi- 
ence is still to be gained in the operation 
of large saturated steam turbine gener- 
‘ators before firm conclusions can be 
'reached in this matter. Indications 
are, however, that steam-to-steam re- 
| heat is not economic. 

3. Par. 6. The parenthetical clause 
| relating to 10-15% of the heat lost to 
| stack gas in the conventional plant 
| should be clarified as applying to all 
| nuclear systems, not just the PWR. 
4. Par. 8. The number of feed- 
water heaters in the BWR Study is the 
| Same as used on Dresden, namely four. 
A fifth heater does not appear to be 
| economically justified. 

5. Pars. 8and9. Neither the BWR 
| nor the OMR utilizes condensate cool- 
| ing of hydrogen and oil systems, since 
|the specified ground rule condenser 
| river temperature data would not yield 
|a low enough condensate temperature 
| during many months of the year. 

6. Par.12. Asstated in comment 1, 


conclusion 
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the average steam-void volume for 
Dresden is erroneously shown as 45%. 
The correct value is approximately 9%. 
The value shown for BWR of 18% aver- 
age steam-void volume is correct. 

7. Par. 12. The cladding for the 
fuel elements in the BWR is Zircaloy 
in all cases. Stainless steel was pro- 
posed only for fuel-channel material in 
the first loading as temporary poison 
for reactivity control. 

8. Par. 16. As explained in com- 
ment 7, Zircaloy is the initial and final 
fuel cladding for the BWR. 

9. Table, p. 61. The following cor- 
rections should be made: 

(a) Excess reactivity Ak/k% for 
Advanced BWR should be shown 
as 20.6 rather than 29. 
(b) Cladding material should be 
shown as Zircaloy. 
(ec) Control-rod poison material 
for Dresden should be shown as 
boron rather than Ag-Cd. 
(d) The 64-metric-ton fuel charge 
listed for Advanced BWR repre- 
sents total weight of UOs, rather 
than uranium content as errone- 
ously reported by AEC. In the 
interest of clarifying the table by 
use of a consistent basis, the fuel 
charge of BWR in metric tons of 
contained uranium should be 
shown as 56. On the same basis, 
the Dresden fuel load is 54 metric 
tons. 
Lronarp F, C. REIcHLE 
Nuclear Engineering Director 
Ebasco Services, Inc. 
New York, N. Y. 


Dear Sir: 


Unfortunately, I am handicapped in 
not having the original documents sub- 
mitted by the various design groups in 
order to cross-check the questionable 
areas raised by Mr. Reichle. There- 
fore, my comments cannot be con- 
sidered complete. 

Item 1 anditemé6. Thesource of my 
information on this specific matter on 
Dresden was the 1958 Geneva Paper 
P-2372 (Elliott, Maxson, Nixon and 
Merriman). 

Item 2, The comments criticizing 
the thermodynamic results of the 
pressurized-water studies should not be 
directed at me since I was only report- 
ing the results of the advanced studies. 
I suggest that the writer and organiza- 
tions carry on their discussions with 
Stone & Webster’s thermodynamics 
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group, who made the pressurized- 
water-reactor studies. 
} Item 3. I really don’t believe that 
anybody familiar with the basic ele- 
ments of power-plant design would 
come to the conclusion that the 10-15% 
heat loss to the stack gas only occurs 
when comparing a conventional plant 
to a pressurized-water power plant. 
Items 4 and 5. If the writer will 
refer to the table attached to the article, 
he will see that the same number of 
feed-water heaters are shown for the 
advanced boiling-water reactor as well 
as Dresden. Paragraph 8 may have 
misled the writer since I was trying to 
explain on what basis a higher efficiency 
could be attained with the advanced 
BWR in spite of lower final feedwater 
temperatures than Dresden. It may 
well be that I incorrectly assumed that 
the hydrogen oil coolers were in a 


condensate system in an effort to 


explain the higher efficiencies of the | 
The higher efficiency 


advanced BWR. 
is then apparently due to the improved 
turbine design as well as lower station 
auxiliary power. 

Items 7, 8 and 9b. I may have in- 
correctly interpreted the data to 
indicate that the cladding was stainless 
steel in the initial core rather than the 
Zircaloy material. If I recall, the 
information was taken from a tabula- 
tion on fuel element design with the 
final information included in this 
tabulation. 

Item 9a. The title “excess reac- 
tivity” is incorrect for the numbers 
shown. The percentages actually re- 
fer to excess control capacity. 

Item 9c. The ASME publication 
‘Nuclear Reactor Plant Data,” vol. 1, 
reported that the control-rod material 
is Ag-Cd. Apparently this has since 
been changed. 

Item 9d. The fuel charge is uranium 
oxide not uranium. Therefore, the 
values reported in the table are correct. 
The values for Dresden are also re- 
ported as oxide, and therefore the 
comparisons are valid. 

—S. Baron 


Chief Nuclear Engineer 
Burns and Roe, Inc. 
New York, N. Y. 


[Eprror’s Norte: Perhaps part of the 
moral of this exchange is that there 
needs to be a mechanism for updating 
reactor descriptions as the design 
changes. For a definitive, as-built 
description of Dresden, see the foldout 
in this issue.] 
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New Vacuum Gage Measures 


Pressures in Two Ranges::: 


“3mm tolu Hg 
“lu to0.lmp Hg 


GICT—Cabinet Model 


The KINNEY GICT Ionization- 
Thermocouple Gage covers the 
range from 3000 microns to below 
10-7 mm Hg...a two meter instru- 
ment providing simultaneous 
Ionization Gage and Thermocouple 
Gage readings. Available in port- 
able cabinet and panel mounted 
models. The standard unit is sup- 
plied with one position Compen- 
sated Thermocouple Gage and it 
can be supplied in modified form 
with 2, 3, 4, 5 or 6 position Gage at 
extra cost. 


Designed with the more critical 
applications in mind, the KINNEY 
GICT brings an important advance 
in high vacuum instrumentation for 
use wherever an accurate and 
highly dependable instrument is 
required. 

Get the full story on such features 
as: Compensated Thermocouple 
Gage Tubes, Automatic cut-off relay 
to protect Ion Tubes from burn- 
out, Outgas circuit for elimination 
of false pressure readings, and 
many others. 


KENNEY wes. oivision 





WRITE: 


THE NEW YORK AIR BRAKE COMPANY, fy) 


3614M WASHINGTON STREET — BOSTON 30 < MASS. 


Please send me Bulletin 3811.1 with full information on the GICT 


Ask for KINNEY 
Bulletin No. 3811.1 
just off the press. 


Ionization-Thermocouple Gage by return mail. 





Ss 
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another German research reactor went 
critical. This reactor is fuelled with ele- 
ments containing enriched uranium 
which have been fabricated by a highly 


efficient extrusion process. 


We have studied known facts about the 
processing of enriched material and extru- 
sion and developed technologies which 
led to successful industrial production of 


co-extruded elements. 


Co-extruded matrix fuel elements too, 
therefore, will be an integral part of our 


production line in nuclear fuels. 


DEGUSSA NUCLEAR GROUP FRANKFURT (MAIN) 
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Electromet brand ferr_alloys, 
pure metals and metal chemicals 


NOVEMBER - DECEMBER, 1959 


With 100 million pounds of polypropylene predicted for 1960 production, 
Union Carbide Metals' titanium trichloride will reach commercial status as a 
polymerization catalyst. But the Company's researchers are also looking to other 
fields for new _ uses of this high-purity compound. Areas of interest include the 
chemical and pharmaceutical industries where titanium trichloride has potential as 
a strong reducing agent (E° = — 0.15 volts) for nitro compounds, biologicals, and 
other organics. Request Bulletin TT1-N4 for more details. 














* * cd 


Columbium metal has finally yielded to casting techniques due to the 
efforts of engineers at Materials Manufacturing Department of the Westinghouse 
Electric Corporation, Blairsville, Pa. What is believed to be the first columbium 
casting made is an experimental tube blank measuring 4 in. 0.D. by 1% in. I.D. 
and 10 in. long. Using “ELECTROMET" columbium roundels, the metal was melted in 
a vacuum-are skull furnace and cast in a graphite mold. Bulletin CB2-N4 gives 
information on columbium metal and sheet. 














* * * 


Chloride derivatives of lower valent transition metals are Union Carbide 
Metals’ latest contribution to chloride chemistry. The Company's research team 
has produced, in experimental quantities, subchlorides of Cb, Cr, Ti, V, W, and 
Zr. Some of these have not been made before. “Electromet" subchlorides are 





potentially applicable as catalysts, metal-plating compounds, reductants in organic 
syntheses, and as intermediates for new organometallics. Bulletin MC1-N4 available. 





* *x * 


The largest order for wrought vanadium ever placed was recently awarded 
to Union Carbide Metals Company. The contract calls for approximately 300 pounds 
of vanadium mill products which will be used in an undisclosed military application. 
The Company's continuing efforts to increase the purity of vanadium metal have led 
to mill products with improved workability. Get Bulletin VM1-N4 on vanadium metal. 








o* * * 


In resistance to oxidation and corrosion, chromium carbide excels most 
other metal carbides. Its high hardness makes it useful when bonded with nickel 
or other metals. For use in the tool industry, Union Carbide Metals’ chromium carbide 
is being pressed or sintered into dies and gage blocks whose thermal expansion 
characteristics are close to those of steel. This refractory compound has also 
been applied to surfaces by various metallizing methods. Send for Bulletin CC1-N4 








* *x * 


Silicon nitride which is 100% beta phase has recently been made possible 
by improved manufacturing techniques at Union Carbide Metals. Fabricated shapes 
of this new form of silicon nitride have extraordinary thermal shock resistarce 
compared to previous alpha-beta mixtures. Forescen applications include a 
refractory exposed to the combustion products of rocket fuels. See Bulletin SN1-N4 











we * * 


Union Carbide Metals Company, Division of Union Carbide Corporation, P. 0. 
Box 330, Niagara Falls, N. Y. In Canada: Union Carbide Canada Limited, Toronto. 


The terms "Electromet" and "Union Carbide" are registered trade marks of Union Carbide Corporation 





COBALT 60 


SERVICE and SOURCE RANGE | 


Another 17,000 curies 
of AECL cobalt 60 


for petroleum research 


A “Weldcaps” Cobalt 60 source supplied 
by AECL, in the hot cell at SINCLAIR 
RESEARCH LABORATORIES INC., Harvey, 
IMinois. 


For your Gamma Irradiation requirements 


choose A.E.C.L. COBALT 60 


sfc Can be supplied in kilocurie Cobalt 60 is 
quentities, @ Penetrating — (excellent uniformity of 
Versatile PELLET and SLUG °°) 


forms enable you to choose any oe Reliable — (no complicated electrical 
source configuration you desire. equipment to break down at critical 


times), 

AECL’s highly acclaimed “Weldcaps” Constant — (calibrate once, then forget 
(stainless steel, wee ogni) about it), 
are available in a e range 0 ; 

Simple — (no induced activity in irra- 
standard sizes. S sizes can be diated materials; Meacsleomatio 
made up as req radiation). 


IRRADIATOR DESIGN and FABRICATION SERVICE 


Take advantage of AECL’s years of experi- 
ence and knowhow for assistance regarding 
any aspect of your research or production 
irradiator requirements. 


For further information, please write to — 


ATOMIC ENERGY OF CANADA LIMITED 


Commercial Products Division « P.O. Box 93 « Ottawa « Canada 
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Experience — the added al/oy in Allegheny Stainless 


i7/, ALL STAINLESS GRADES 
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VACUUM MELTED STEELS 
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What are your needs in Seamless Tubing? 


A-L offers widest range of materials and large 


diameters with walls as thin as .032”. 


Here is the widest range in materials in stainless seamless 
tubing available anywhere to meet your exact requirements 
and solve high-temperature or corrosion problems and 
save you money. 

Allegheny Ludlum makes seamless tubing in all stainless 
grades including 309, 317, 318, 310, 416 and 446—normally 
difficult to obtain. Also available in high-strength alloys 
such as A-286, in vacuum melted steels, and in custom 
analyses grades such as low cobalt with .01 or .05 max. and 
small boron additions to standard types. 

A-L also makes composite tubes with bonded combina- 
tions of carbon and stainless and other metals for special 
chlorine-corrosion applications in process equipment. 


wsw 7529 


Allegheny Ludlum Stainless Tubing ranges from *%’’ OD 
to 3%’ OD with wall thickness ranging from .013’’ to 
.375''—typical of the sizes that A-L can produce. For 
certain applications, .500’’ walls are possible. Some stand- 
ard sizes in stock are 244’ OD—.032” walls, 3’’ OD—.042” 
walls and 34’ OD—.042”’ walls and 3%’’ OD—.058”’ walls. 
All sizes with true circularity, no dents or handling marks. 

A-L Tubing is also available in small quantity orders, in 
random or cut lengths. Standard grades and sizes in stock 
throughout the country. Call your nearest A-L representa- 
tive for all the help you mel. 

Allegheny Ludlum Steel Corporation, Oliver Building, 
Pittsburgh 22, Pa. Address Dept. NC-24. 


NEW! FREE—Write for your copy of 
Allegheny Ludlum Stainless Tubing— 
32-pages of technical data, grades and 
suggested applications. _ Stainless 


Stee! tubing 


ALLEGHENY LUDLUM 


Export distribution: AIRCO INTERNATIONAL 


EVERY FORM OF STAINLESS... 
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EVERY HELP IN USING IT 





Operated by Lockheed for the U.S. Air Force: 
America’s unique nuclear radiation test center 


USAF’s Nuclear Laboratories—a unique facility for the investigation 
of nuclear effects on articles used by the Department of Defense in the 
nuclear age and in space exploration—are located on a huge tract of 
isolated woodland near Dawsonville, Georgia. 


The heart of this $15 million facility is an air-shielded 10-megawatt 
reactor. It can irradiate six flatcar loads of complete operating sub- 
systems or vehicle components simultaneously, in actual operational 
environments. 


No other facility in America can perform and evaluate radiation tests on 
complete operating subsystems with the thoroughness, the accuracy, or 
the speed that is possible at Dawsonville. 


And because of its vast area—almost 20 square miles—the Dawsonville 
site makes unlimited expansion possible. It will support several other 
nuclear installations, at costs drastically lower than building them 
elsewhere. 


HUTUTI 


1200 Data-gathering channels—200 separate channels for A separate bank of recorders for each flatcar position 
each of six flatcars—transmit instrumentation readings records instrumentation readings —and punches them out on 
through leads and mating boards to recorders. The mating tape automatically. Data reduction center in Reactor Opera- 
boards located at each of the car positions provide power to tions building processes tape. Closed circuit TV allows visual 
operate the test specimens during the irradiation period. observation of reactor during the entire irradiation period. 
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a? 
Six separate and distinct systems or 5,700 cubic feet of volume with a frontal area of 400 square 
feet can be irradiated with the radiation effects reactor. Military vehicle and elector-hydraulic ser- 
vomechanism for military applications are shown being irradiated on two of facility’s six flatcars. 


LOCKHEED NUCLEAR PRODUCTS 


GEORGIA DIVISION: DAWSONVILLE, MARIETTA, ATLANTA 


LOCK HEED 
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Photo courtesy Oak Ridge National Laboratory, operated by 
Union Carbide Corp. for the U.S. Atomic Energy Commission 


General Mills ‘‘Muscle-Man’’ with a Gentle Touch 


At Oak Ridge, remote handling problems are solved 
with the help of this General Mills Mechanical Arm 


At the Oak Ridge National Laboratory—as in 
almost every other major atomic installation in 
America—the General Mills Mechanical Arm 
solves remote handling problems. It lifts great 
weights with ease, yet handles fragile material 
safely. Each of three models of the Mechanical 
Arm is adaptable to nearly any installation 
requirement. 

Our Nuclear Equipment Department provides 
facilities planning services and a full line of re- 
motely controlled handling devices: heavy duty 
and underwater manipulators; power tools and 
accessories; crane hoists; boom or wall mounted 
manipulators; mobile remote handlers; fuel 
handlers; reactor service and maintenance equip- 


NUCLEAR 
EQUIPMENT 
DEPARTMENT 


* 


ment; and many other standard and custom 
designed products. 

If your operation involves remote handling, 
you'll want to contact the Nuclear Equipment 
Department of General Mills. If we have not 
already built remote handling devices which will 
satisfy your requirements, we have the experi- 
ence and know-how to design custom equipment 
to suit your needs. 

Write for our five new engineering bulletins: 


Nuclear Equipment Department 
Mechanical Division of General Millis 
419 North Sth Street 


Minneapolis 1, Minnesota 


First In Remote Handling 


MECHANICAL DIVISION 


Minneapolis, Minnesota 
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Please send me General Electric’s 
NEUTRON DETECTOR MANUAL 


Name 





Company 





Title 





Address 








Send to Section 595-315, Gen- 
eral Electric Company, Sche- 
nectady 5, New York. 


NEW 


Neutron Detector Manual 
Simplifies Design Problems 


This new data book contains com- 
plete application and specification 
information for General Electric 
neutron detectors. You’ll want this 
useful design tool for your desk. 
Return the coupon today and a 
copy will be sent to you at no cost! 


INSTRUMENT DEPARTMENT 


GENERAL @® ELECTRIC 
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Making thermocouple connections on an in-pile test capsule 


Reactor design and development begins with the mathematician 


and the physicist. But concept must yield to blueprint, blueprint to —_ H qT SS 9 T QO QO, 


sure, dependable hardware. No less than the mathematician, the 


instrument maker, the welder, the machinist, the electronics I SS R K A C TT OR 


technician—in fact, a complete spectrum of skills makes up the 
reactor team. NDA has these skills in full measure in its White 


Plains and Pawling centers for reactor design and development. pD K VV K i ¥ OPM K NT 


Let this team work on your nuclear reactor problems. 


Opportunities exist at NDA for qualified scientists and engineers. 
a complete reactor company 


INDY. \ NUCLEAR DEVELOPMENT CORPORATION OF AMERICA 


WHITE PLAINS. N.Y. TEL. WH. 8-5800 
NDA EUROPE 31, Rue du Marais, Brussels, Belgium 
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SORCERY EDRER « 


of Key Developments in Nucleonics 


Nuclear Week: McCone Sets Narrower Reactor Effort 


Four talks provided most of the food for comment and thought at the 
winter gathering of the nucleonics community in Washington last month. 
Highlights of the Atomic Industrial Forum-American Nuclear Society 
sessions were: Frank Pittman’s numbers on economic potential of reactor 


development over the next ten 
years (see 2 21); John McCone’s 
f 


policy speech focusing more yon: +d 
AEC’s reactor program on a smaller 
number of most promising types; 
Etienne Hirsch’s ubshakeable confi- 
dence in the fruition of the joint 
U. §S.-Euratom nuclear power pro- 
gram; and Chauncey Starr’s keynote 
talk stressing the need for industry 
to act with unity of purpose and 





with profit-motivation. 

Consistent with the keynote ad- 
dress, the mood of the industry 
seemed to be tougher-minded, more 
businesslike. If the 1954 and 1955 
meetings were in the key of 
(and as it turned out, Hien Brotioon | 
optimism, 1956 beginning to be 
more aware of the economic facts 
of nuclear life, 1957 black despond- 


ence, and 1958 sobriety, then 1959 
might be described as cautiously 
continuing the return upswing from 
gloom—as a more eth soe real 
istic outlook, even a careful a 
proach to optimism. Certainly the 
mood was hopeful. And certainly 
also, the lobby bulletin boards held 
enticing employment notices. 

Interest in the meetings was re- 
flected in high attendance: 670 at 
the Forum, 1,000 at ANS. 


McCone Reactor Policy 
The AEC chairman confirmed in 
a lunch address a significant shift in 





—— An Editorial 


Is This Bold Leadership? 





This country’s leadership in the radiation preser- 
vation of food has suffered a major reversal with the 
Army’s announcement that it has indefinitely sus- 
pended its plans to build what would have been the 
world’s first production plant for irradiated food 
products—the multi-ton/hr Ionizing Radiation 
Center (USAIRC) at Sharpe General Depot, Lath- 
rop, Calif. (NU, Aug. °59, 17). 

The decision, coming as it did after six years of 
research and development and an investment of 
some $10-million, was a bitter disappointment to 
those in the program and to many outside who 
continue to look to radiation as a potentially im- 
portant means for improving the military and 
civilian food supply—in the U. S. and abroad. 

Was the man who made the decision—Army Re- 
search and Development Director Richard Morse— 
justified? The question is difficult to answer flatly 
and there are sincere differences of opinion. 

The proposed facility, with its 24-Mev accelerator, 
its 2-megacurie cobalt-60 source, and its extensive 
support equipment, was on tenuous ground. For 
one thing, a review by Morse— initiated shortly 
after he took his Pentagon post in June—showed 
that nobody had ever bothered to get a clear answer 
to the basic military question: Would irradiated 
food ease the logistics task for the military con- 
sumer? For another thing, there was widespread 
feeling among both government and industry 
advocates of food irradiation that the USAIRC 
complex was ahead of its time—and that a more 
realistic construction program might embrace one 
or more small, versatile irradiators for both re- 
search and demonstration. 

Despite these questionable aspects of the project, 
however, Morse appears to have been ill-advised in 
reaching his decision and to have performed a great 
disservice in explaining it. 

He discounted substantial evidence—including a 


report especially prepared at his request by a dis- 
interested firm—which could have just as easily 
been interpreted as supporting construction of 
either USAIRC or an alternate facility. Although 
this report ordered by Morse stressed the need for 
conclusive data demonstrating that radiation 
would be logistically advantageous, there remains 
much to support a bold, positive conclusion that 
the investment in food irradiation was already 
large enough, and the promise of irradiation sub- 
stantial enough, to justify a construction program 
exploiting the effort to date. 

Even more distressingly, Morse, in explaining his 
decision, threw up a psychological roadblock which 
has inhibited the chances of resurrecting another 
construction program. This was his statement to 
the press that biological difficulties have shed doubt 
on the safety of food irradiation (NU, Nov. °59, 26). 

This alleged cause for shelving USAIRC is at best 
half-hearted; nor was it, in any case, the crucial 
reason. Rather, Morse told NUCLEONICS, USA- 
IRC could not be justified at this time either 
logistically or economically—and he decided the 
funds should be committed to other programs. 

The biological problems—though some go as far 
back as three years—were seized upon by the lay 
press as startling new discoveries and twisted far 
out of proportion to their real importance. In the 
process, public confidence here and abroad has been 
unjustifiably and severely damaged. 

For years the Army has had sole responsibility 
for a national food-irradiation program embracing 
three major goals—meeting a military need, 
demonstrating commercial possibilities, and as- 
surring U. S. leadership in a field of important 
foreign policy consequence. 

If the Army no longer is willing to pursue a 
national effort—in a confident and vigorous man- 
ner—it should step aside in favor of AEC. 
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WASHINGTON MEETING REPORT 


the direction of the U. S. reactor 
development caravan that had al- 
ready becoming evident in the 
Commission’s actions during the past 
ear. 

“I believe that we must now place 
greatest emphasis on those nuclear 
concepts and processes that offer 
the highest promise of early suc- 
cess,” McCone said. “We must find 
ways to accelerate their develop- 
ment. Conversely, concepts which 
do not offer equal promise must be 
eliminated—or, alternatively, held in 
a research status until further scien- 
tific data justifies a greater invest- 
ment of resources. 

“Our plan is to select and to sup- 
port those concepts that we con- 
sider the best. We intend to follow 
a timetable fixing the most desirable 
sequence of construction of experi- 
mental, prototype, and demonstra- 
tion reactors needed to prove both 
the advanced technology and the 
economics of the most promising 
concepts.” 

To do this effectively, the AEC 
leader said, continued close partner- 
ship and working relationship be- 
tween government and industry is 
necessary. “We intend to work 
closely with the utility industry, 
both public and private, and with 
the engineering and manufacturing 
companies who have so construc- 
tively assisted in nuclear power de- 
velopments,” he declared. 

Earlier in his talk, McCone elec- 
trified his audience by a sudden, 
unexpected promise to the “scien- 
tists, engineers, manufacturers and 
business leaders” in it: 

“I pledge the United States Gov- 


Pad rd 


ernment, through the Atomic En- 
ergy Commission, to work coopera- 
tively with and to support you with 
great energy. I pledge this because 
we believe in your work and admire 
your courageous approach to an ex- 
tremely difficult, and at times, dis- 
couraging problem.” 

To those businessmen in the in- 
dustry whose murmurs had been be- 
coming increasingly audible that the 
Commission leadership was deaf to 
their problems, this paragraph— 
coming as it did without direct con- 
nection with what preceded or fol- 
lowed—seemed the first clear signal 
in some time that Germantown is 
sensitive to the needs of the industry. 

McCone also paid this tribute to 
private workers in the nuclear power 
vineyard: 

“I congratulate the manufacturers 
who have had the vision to develop 
reactor designs which incorporate 
the latest of technological develop- 
ments and who have offered plants 
to the utility industry at firm guar- 
anteed _ and with accompany- 
ing performance guarantees.” 


McCone Pledge on U-235 

Backing up his general pledge, 
McCone made two specific assur- 
ances to industry—one on the price 
of enriched uranium, the other on 
simplified licensing procedures. 

“I can assure you that .. . ura- 
nium fuel, partially enriched with 
U™, can be supplied for nuclear 
power in quantities sufficient to 
meet the most optimistic forecast of 
future requirements . . . without af- 
fecting our weapons program .. . ” 
McCone said. “I can further assure 


you that the established price of en- 
riched uranium fuel is not and never 
has been a subsidized price,” but is 
consistent with “full costs of pro- 
duction.” 

“Therefore, I would not expect 
increases in the Commission ed- 
ule of fuel prices barring extreme 
changes in our economy.” This 
seemed also to dampen the likeli- 
hood of a cut in the price of U™ 
(NU, Oct. 59, 20). 

To clinch industry's acceptance of 
uranium pricing schedules as based 
on true production cost, McCone ac- 
cepted a Forum suggestion made 
earlier this year to have a Forum 
committee study the pricing situa- 
tion. Since AEC considers figures 
on uranium cost and production 
should remain classified as being 
vital to security, a small committee 
of competent, cleared Forum mem- 
bers would be given access to the 
data on which AEC bases its prices 
in order that it be enabled to make 
an independent evaluation. Former 
AEC General Manager K. D. Nichols 
will head the unit. 


McCone Pledge on Licensing 

On licensing, the chairman made 
this candid admission: “We have 
sought to develop licensing proce- 
dures that minimize government red 
tape. We have not 
successful!” 

Describing the situation as “a 
challenge to us,” McCone invited 
the Forum to work closely with 
AEC in “perfecting and simplifying” 
procedures that would both encour- 
age development of nuclear power 


while safeguarding safety and health. 


en uniformly 


Industry Comes of Age: Demands Profits 


“We of the Atomic Industrial 
Forum should be able to talk about 
the atomic industry as one in which 
there will be profit rewards to the 
participants at some reasonable fu- 
ture time.” 

In this “honeymoon-is-over” lan- 
guage and under the title, “Busi- 
ness Survival in the Atomic Power 
Industry,” Atomics International’s 
Chauncy Starr voiced the over- 
whelmingly dominating theme at 
last month’s industry meeting in 


18 


Washington. 
operation. 
The Starr preoccupation with profit 
—and many of the discussions in and 
out of meeting rooms—signalled the 
apparent end of the “institutional” 
era in the nuclear power business, 
the beginning of a profit-demand- 
ing era. The industry has come of 
age. Within the long-established 
pattern of government-industry part- 
nership, the industry partner is tak- 
ing on a new character—he wants 
more AEC business and a better 


The theme: profitable 


regulatory attitude. He says he has 
done his buying-in, he has equipped 
himself technologically, he is now 
flexing his muscles and raising his 
voice in demands for a better shake 
from the government. 

These demands were everywhere 
last month—in Starr’s call for the 
shifting of work from AEC-sup- 
— laboratories to industry (see 

ox, opposite page); in the frequent 
complaints of AEC contracting prac- 
tices and licensing procedures; in the 
cries that government patent policies 
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were stifling incentives; and in the 
charges that industry was competing 
with AEC facilities in the manufac- 
ture of fuel elements and other 
components. 


Profit Motivation 


Starr made it clear that he was 
looking chiefly to government for 
the money and environment in which 
a mature and sophisticated nuclear 
power industry could survive and 
grow. He made it equally clear 
that government encouragement was 
in large part responsible for creation 
of the industry and its current 
problems. 

“There are many . . . statements 
in AEC’s pronouncements of the 
past years which had as their pur- 
pose the stimulation of industrial 
participation and investment in 
the atomic industry. Industry re- 
sponded with substantial facilities, 
management attention, and corpo- 
rate organizational arrangements. 


“Somehow things have not de- 
veloped as it was then expected. 
What, then, has happened to fade 
the nuclear rose? Simply answered, 
our national objectives have shrunk.” 

In order, Starr listed these items 
of “shrinkage”: 

1. The utility industry, he said, 
“has not yet been convinced” that 
conventional fuels were running out 
and that nuclear power should be 
developed as quickly as possible. 

2. Competition with the Soviet 
Union “has been dulled by their ap- 
parent lack of leadership” in nuclear 
power. “We will undoubtedly have 
to wait for a surprise announcement 
by the Soviets of a significant atomic 
power accomplishment,” he com- 
plained, “before our stimulus is re- 
vived.” 

3. Competition with the U. K. for 
sales abroad has also diminished “by 
their lack of a suitable product for 
foreign customers.” 

“In a field where we have had the 
technological leadership and where 
we could establish our pre-eminence 
in a manner which would contribute 


pronouncements are inadequate, he 
declared. 


AEC Contract Practices 

Paul Green, dean of the College 
of Commerce and Business Admin- 
istration, Univ. of Illinois, reported 
on a year-long study of AEC con- 
tract practices for the Forum. He 
had some strong recommendations, 
among them: 

1. AEC and industry should get 
together on their contractual differ- 
ences. “I cannot see how ow 
contractors and AEC can muc 
longer stand and throw rocks at one 
another and hope to benefit either 
one. 

2. AEC should take an interest 
in a contractor’s over-all well-being 
—as does the Defense dept.—in ap- 
ans costs of activities covered 

y the contract. 

3. Recognition by AEC that it, 
the Defense dept., and industry con- 
tractors are “all working toward the 
same goal—the nation’s security. 
“What is good for the Defense dept. 
in these times of stress and strain is 
good for AEC and is good for its 
contractors.” 

4. AEC should release more in- 
formation on its contract policies. 
“I can see nothing but good coming 
from [this].” 


AEC Fuel Policies 

Garth Edwards, treasurer and con- 
troller, Sylvania-Corning Nuclear 
Corp., delivered a scathing and 


wide-ranging attack against AEC 
policies affecting fuel fabricators. 
He made these points: 

1. AEC should contract with pri- 
vate industry for a larger share of its 
fuel-cycle requirements on a fixed- 
price basis. He complained of com- 
petition from AEC-owned facilities 
(see page 27). Early costs might 
be higher than in AEC plants, he 
said, but larger volumes in commer- 
cial plants would bring prices down. 

2. AEC has been too strict in set- 
ting criticality safeguards for fuel 
plants. 

3. If “super-safe” demands by 
AEC are justified, then equally justi- 
fied is coverage for fuel plants under 
the Peed otal Indemnity Act. 

Edwards and his boss, Sylcor 
President Lee L. Davenport, de- 
manded a modification pena 
patent policies—both as stated in 
the 1954 Act and reflected in AEC 
procedures. They were particularly 
critical of the government's insist- 
ence that contractors in the Euratom 
and Fuel Cycle Development pro- 
grams relinquish background patent 
rights. 

“We seem to be steering... 
toward the notion,” Davenport com- 
plained, “that... patent rights 
should go to the entity that con- 
tributes the most money to the con- 
— of the patented invention. 

ere this entity happens to be the 
government, the concept of legal 
monopoly to encourage exploitation 
is being converted instead to public 
dedication for use by any comer.” 





Starr, Johnson Dispute 
Role of National Labs 


declared: 


government support.” 


Four days later the issue was joined by War- 


The developing argument over competition be- 
tween industry and AEC laboratories broke out 
into a major issue at the AIF-ANS meeting. 
Chauncey Starr, general manager of Atomics In- 
ternational and meeting keynoter, described the 
national labs as a “phoenix” risen from the ashes 
of the atomic bomb “to plague our industry.” He 


“The atomic industry now finds itself in direct 
competition with the national laboratories for 


Warren Johnson 


tangibly to the welfare of everyone,” 
Starr warned, “we appear to be 
slackening our pace and losing our 


ren C. Johnson, chairman of AEC’s General Advisory Committee and dean 
of physical sciences at the Univ. of Chicago. Acknowledging the industry 
pressure for work now assigned to AEC labs, he urged the U. S. to maintain 
national interest, primarily because yen on — tan as Fas Dag er Sse — hing” oo and 
> evelopment centers (Ames, , Brookhaven, Lawrence, Livermore, 
por other fellow ‘doesn't choose to Los Alamos and Oak Ridge). He argued: “I do not believe that industry 
Sta th conifi can or, what is more important, should absorb all of the reactor development 
starr made another significant programs . . . supported by the AEC or by other government agencies.” 
point: he appealed to the indus A study of all AEC-sponsored spannnepnnd Aetheeant facilities (exclu- 
to help itself by speaking out “wi sive of weapons work they employ more than 45,000 and spend $700-million- 
one voice” on the “great number of plus yearly) is to be submitted by AEC to the Joint Committee on Atomic 
matters which affect progress in the Energy by Jan. 1. JCAE hearings are expected in the spring. 
atomic power field.” Individual 
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WASHINGTON MEETING REPORT 


Hirsch Still Confident; McKinney to Seek A-Policy Bases 


In a measured, statesmanlike talk, 
the indomitable Etienne Hirsch once 
again managed to make a Euratom 
setback (the poor showing of Euro- 
pean utilities on the October 20 
deadline) seem like the most rea- 
sonable kind of transitional episode 
a successful program must pass 
through. 

The Euratom president listed the 
five utility responses received Oct. 
20—only one firm, four conditional 
in varying degree (NU, Nov. ‘59, 
21)—and spoke confidently about 
their prospects. Regarding the Ger- 
man proposal of the utility group 
AKS, he announced in a departure 
from his text that he had just re- 
ceived a telegram from Chancellor 
Adenauer promising al] necessary 
support of the German government, 
thus removing the principal ques- 
tion-mark hanging over this project. 

Likewise, he said definite pro- 
posals from Electricité de France 
and Belgium’s Centre et Sud group 
regarding the Centrale Nucléaire 
des Ardennes (CNA) at Givet had 
not yet been “completely elaborated” 
as the utilities were still evaluating 
manufacturers’ bids received a few 
weeks ago. (NUCLEONICS learned 
that the bidders were: Framatome 
(a joint subsidiary of Westinghouse 
and seven French firms)—pressur- 
ized water; the French consortium 
Indatom, together with Babcock 
& Wilcox, Lynchburg—pressurized 
water; Alsthom of Belfort with Gen- 
eral Electric—boiling water; and 
Société Alsacienne de Constructions 
Mécaniques of Paris with Atomics 
International—organic moderated. ) 


Another difficulty confronting 
Givet had been the legal problem 
for the Belgian government in giv- 
ing financial guarantees regarding a 
plant to be built on French soil; this 
was solved, Hirsch disclosed, by a 
commitment by EdF having the ap- 

roval of the French government to 
Puild another Franco-Belgian nuclear 
plant three years later in Belgium. 


Hirsch's Explanation 

After referring to the time prob- 
lem that also held back the SEP 
and Bewag proposals, Hirsch asked, 
“Why did not more European utili- 
ties come into the program in time 
with complete proposals?” 

“One element of the answer is 
certainly this time factor,” he re- 
plied to his own question. “All the 
utilities concerned, without excep- 
tion, complained about the short 
time available for making such im- 
portant management decisions in- 
volving entirely new technical fac- 
tors. But this is only part of the 
answer. The main reason for the 
caution shown by the European 
utilities is the changed energy pic- 
ture in Europe. 

“Some of the economic assump- 
tions on which the program was 
based have changed for the immedi- 
ate future, and this may require 
some flexibility in the timetable,” 
Hirsch declared, “but the long-range 
perspective remains unaltered, and 
the necessity to acquire experience 
on the construction of large-scale re- 
actors and to bridge the gap be- 
tween nuclear and _ conventional 
power costs is as valid as ever.” 





TEST REACTORS. AEC has 
received from Phillips Petroleum 
the conceptual design of an ad- 
vanced test reactor complex total- 
ling more than 500 Mw(th) 
(NU, Oct. ’59, 28). AEC off- 
cials were maintaining silence on 
whether they'll give industry a 
crack at building such a high-flux 
machine under AEC space-rental 
contract. 

SHIPPINGPORT. AEC and 
Duquesne Light Co., negotiating 
at high level on the possibility of 
Duquesne’s providing generating 

uipment for a larger core at 
Shippingport (NU, Oct. ’59, 19), 
were reported still stymied. Non- 





Heard in the Corridors . . . 


reactor equipment would cost 
Duquesne an estimated $23-mil- 
lion (see p. 22). 

NUCLEAR ROCKET. The 
National Aeronautics and Space 
Administration is beginning to 
give serious thought to entire 
nuclear rocket systems (the 
Kiwi-A experiments are primarily 
materials and temperature tests) 
and may soon go to industry for 
systems proposals. 

GENEVA-THREE. The  So- 
viets are pressing for a_ third 
Geneva Conference in 1962. 
The UN’s Scientific Advisory 
Committee recently deferred a 
decision until next year. 








McKinney's Report 


Reporting to the Forum on his 
new assignment for JCAE—to “re- 
view the foundations of the interna- 
tional atomic policies and programs 
of the U. S.”—Robert McKinney ob- 
served that today’s pessimism could 
be just as much a product of misun- 
derstanding as yesterday's over- 
optimism. “We must constantly 
apply our best powers of fact-gather- 
ing and judgment so that we do not 
let extremes of optimism or pessi- 
mism misguide us, so that we do not 
tie ourselves to unrealistic objectives, 
unsound policies and unworkable 
methods.” He thus appeared to be 
reassuring some in the industry who 
felt that the rather negative attitude 
McKinney expressed earlier this 
year about the U. S.’ foreign atomic 
programs made him a doubtful 
choice to make an unbiased report. 

McKinney said he would divide 
his study into five categories: intro- 
duction; technical and cost aspects 
of competitive atomic power; atomic 
power as an energy resource; the 
present role of atomic energy in in- 
ternational relations; and the poten- 
tial role of atomic energy in inter- 
national relations. From the facts 
collected and the analyses made 
under these headings, McKinney 
said ifs will be possible “to set out 
specific alternatives for U. S. inter- 
national policy and programs in the 
atomic energy field. We expect 
also to be in a position to recom- 
mend a course of action for the de- 
velopment of future U. S. policy in 
regard to the international atom.” 


Euratom Research 


Speaking for Jules Guéron, direc- 
tor of research and development for 
Euratom, René Foch summarized 
the results of the first invitation for 
joint U. S—Euratom research proj- 
ects, which “has exceeded the most 
optimistic forecasts.” Of 875 pro- 
posals, 219 came from Europe, 73 
from the U. S., and 83 were joint 
projects. By subject, 117 come un- 
der the fuel cycle category; 88 reac- 
tor technology; 14 new reactor con- 
cepts; 20 related and supporting 
research-development; and 4 general 
studies, with 132 preliminary sub- 
missions unclassified. Total work 
supported by the Joint Board repre- 
sents a commitment of $1.65-milkon, 
$880,000 of it in the U. S. 
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What got the reactor industry 
buzzing more than any other one 
thing at the Washington meeting 
was the talk by Frank Pittman, 
AEC’s Director of Reactor Develop- 
ment, evaluating—for the first time 
using one single yardstick—the eco- 
nomic potential a development of 
the eight leading reactor types. 
Pittman’s talk contained the findings 
of Part Two of AEC’s ten-year pro- 
gram survey. (Part One, “Summary 
of Current Status of Reactor Con- 
cepts,” was reported on in NU, Oct. 
59, 20; Part Three will contain the 
back-up papers for Part One, and 
Part Four, due early in 1961, will 
embody AEC’s recommendations for 
a ten-year program. ) 


In explaining the ground rules for 
the forecasts, Pittman explained that 
development was projected “only to 
the extent it is reasonable, on the 
basis of our present knowledge, to 
foresee success.” The work on Part 
Two excluded other concepts or 
variations: effects of Turret or peb- 
ble-bed on gas-cooled reactors, of 
LAMPRE on fast reactors, of vari- 
able moderation or spectral shift on 
water concepts, etc.—these will be 
factored into AEC’s final report. All 
research-development and engineer- 
ing test programs were assumed to 
be successful; 80% load factor was 
assumed. No credit was taken for 
improvements in reprocessing costs, 
waste disposal techniques, or cost re- 


) The Pittman Report: AEC on Reactors’ Potential 


ductions from high-volume-through- 
put fuel fabrication; nor for shorter 
construction times, lower engineer- 
ing and component costs. 1 eco- 
nomics were based on one-reactor- 
one-turbine stations, without regard 
to possible cost cuts from multiple- 
reactor stations. 


Ad Hoc Group Reconstituted 


Meanwhile, NucLEoNnics learned, 
the influential Ad Hoc Advisory 
Committee on Reactor Programs, 
popularly called the Smyth Com- 
mittee (NU, Feb. ’59, 19), was 
called back in session to advise AEC 
in formulating the ten-year program. 





Addition 
BWR of Nuclear 
Superheat 


D,0- 
sen Nat. U 





Power cost from 300 Mwile) plant that 
could be built with today’s technology 
(mils/kwh) . . . ' 

. . of which capital cost is J 5.26 
“ fuel-cycle “ “ ; 3.47 
“ operating “ “ . 0.88 


Power cost, potential 300 Mwile) plant 
(assuming improvements listed below) . 748 

. . « of which capital cost is : 431 

“ — fuel-cycle “ “ - 2.29 

“ operating “ “ . 0.88 


Cost of research-development needed 
to achieve this reduction ($10¢) 20 


superheat 
prototype 
reactor: 20 


Prototypes needed, their cost ($10¢) 


high-density 
BWR: 25 


“very near late 64 by 1965 


future” or early '65 


Date construction could start on poten- 
tial plant 














75 Mwie) 
prototype: 
30 


12.50 13.25 
7.05 5.10 
4.22 7.10 
1.23 1.05 


t 


9.03 7.47 
4.92 ; 6.49 4.43 
1.92 P 1.31 1.99 
0.94 } 1.23 1.05 


828 80 160 


5—10-Mw HRE-3; 
110-Mwith) TBRE; 
125-Mwie) prototype: 
100 


75 Mwie) 
prototype: 
50 


2 prototypes 1 prototype 
beyond CVNPA: | beyond Fermi: 
175 55 


late 65 by 1966 1967 1968 1970 
or early '66 or 1968 or 1969 or 1971 




















Note: All cost data are based on 80% load factor, 14% fixed 
charges, Pu = $12/gm 

* 10.36 with enriched uranium, 11.89 with natural uranium 

+ With a pressure vessel; no boiling 

t Excluding $14.5-million research-development for Peach 
Bottom, Pa., gas-cooled reactor 


Areas of potential cost reduction 

PWR: Capital: substitution of primary pumps using mechanical 
shaft seals rather than canned rotors; elimination of external 
pressurizers; modifications of the vapor containment; use of bulk 
boiling; simplification and improvement of control drive mecha- 
nisms. Fuel-cycle: increasing UO: exposure from 27,500 to 
40,000 Mwd/T; cutting cost of fabricating stainless-clad UO: 
from $110/kg to $70/kg of U. 

BWR: Capital: Simplifying design to eliminate large risers and 
heat exchangers; increasing power density from 28 to 50 kw/liter 
of core; changing vapor containment design. Fuel-cycle: power 
flattening thanks to high-power-density elements; increasing 
average irradiation of fuel to 19,000 Mwd/T; reducing fabricating 
costs for Zr-clad UO: from $140 to $90/kg of U. 

OMR: Capital: Increasing power density from 19 to 44 kw/liter 
of core; increasing heat-transfer capabilities of system. Fuel- 
cycle: developing new fuel element and cladding material that can 
achieve much longer life. 

SGR: Capital: Developing simplified and much less expensive 
steam generators; confining primary cooling system to reactor 
vessel; eliminating moving parts in sodium stream; developing a 
calandria core to supersede canned moderator core. Fuel-cycle: 
developing new fuel material to replace present U-Mo elements, 
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{ Refers to addition of nuclear superheat to potential 300 
Mw(e) boiling water reactor 

§ Including operation of SRE and Hallam 

|| Excluding construction of Peach Bottom and Oak Ridge 
Experimental Gas-Cooled Reactors 


such as uranium carbide; achieving 17,000 Mwd/T core life; lower- 
ing fabrication cost for stainless-clad uranium carbide elements to 
$70/kg of U. 

GCR: Capital: Increasing bulk outlet temperature of system 
from 1050° to 1200° F, increasing system pressure from 300 to 400 
psi, increasing power density from 5 to 8 kw/liter of core. Fuel- 
cycle: lengthening fuel life from 10,000 to 14,500 Mwd/T; cutting 
fabricating cost for elements from $110 to $70/kg of U. NOTE: 
A further, rather major cost savings is indicated if CO: can be sub- 
stituted from helium as coolant: this would reduce operation and 
maintenance costs by 0.40 mills/kwh. 

D:O-Nat. U: Capital: Developing pressure-tube instead of 
pressure-vessel reactor, achieving increase in power density from 
~26 to 35 kw/liter. Fuel-cycle: increasing exposure lifetime from 
3,850, assumed as presently possible, to 7,000 Mwd/T; cutting 
fabrication cost from $50 to $15/kg of U. 

Fast: Capital: Reducing thickness of reactor shield; simplifying 
design of pumps and inert gas system; improving and simplifying 
piping layout and fuel loading and unloading mechanism, increas- 
ing temperature rise in reactor and temperature drop through 
intermediate heat exchanger and steam generator, decreasing 
pump and pipe size, improving instrumentation. Fuel-cycle: sub- 
stituting cermet fuel for present U-10% Mo alloy. 
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WASHINGTON MEETING REPORT 
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Forum Gets Reports on Reactor Operating Experience 


A panoramic survey of experience obtained from several operating U. S. 
power reactors was again one of the valuable features of the Atomic 
Industrial Forum annual meeting in Washington last month. Following 


are highlights of the session: 


Shippingport 

PWR was shut down Oct. 9 pre- 
paratory to first refueling; the first 
— in inserting Seed 2 (the en- 
riched elements) of Core 1 took 
place Nov. 2. The second seed 
will drive the original blanket of 
natural-U elements during the sec- 
ond half of its life. 

Up to Oct. 9, PWR had gene- 
rat 388,566,000 kwh. Experi- 
ence with the plant includes favor- 
able counts as well 2s unfavorable. 
Pleasant experiences vere the gen- 
eral performance of the plant as a 
generating unit, fuel element and 
core performance, operational char- 
acteristics of the reactor systems, 
control of personnel radiation ex- 
posures, el amounts of radioactive 
wastes generated and ability to dis- 

ose of the wastes. On the other 
side of the ledger were failure of 
three primary coolant pumps, sev- 
eral tubes in one of the steam gen- 
erators, and the moisture separator 
and governor valves in the turbine, 
all of which were, or are being, 
corrected; and the extent of the 
“normal” maintenance load on the 
nuclear systems, which is consider- 
ably greater than had been expected 
and shows every sign of continuing 
at a level higher than anticipated. 

The enriched uranium assemblies 
have shown no signs of mechanical 
deformation or corrosion; the actual 
life of Seed 1 turned out to be 
almost twice design life—5,806 hr 
instead of 3,000; and it’s believed 
there were \only one or two failures 
of natural uranium oxide elements 
out of a total of 95,000 such ele- 
ments in the reactor—lower by a 
factor of hundreds than the ex- 
pected number. Core experience 
also confirms the favorable long- 
term radiation stability of uranium 
oxide, and the corrosion resistance 
of zircaloy-2. 

Core i. including its two seed 
loadings, cost $14-million; its ori- 
ginally estimated 536-million kwh 
output now appears—after burnin 
of the first ences likely te 

1-billion kwh. Core 2, 
also including two seeds, may cost 
about $16.8-million with a life be- 





tween 2- and 3-billion kwh. It may 
incorporate zoning features in the 
enriched seed region to reduce 
the disadvantages of heat-generation 
eg found in Core 1; and may 

ave fewer than the present 32 con- 
trol rods. Fuel cost may be re- 
duced from about 26 mills for Core 
1 to about 6-8 mills, based on fabri- 
cation cost only and not allowing 
for use and burn-up charges or 
plutonium credit. 

However the over-all power cost, 
based on commercial practice in- 
cluding 6% net revenue and taxes 
thereon, is running higher than 64 
mills/kwh, due primarily to the 
station’s low load factor which has 
averaged 46%, resulting from the 
station’s experimental nature. 


EBWR 

Argonne’s Experimental Boiling 
Water Reactor is undergoing major 
modifications to permit use of a 5-ft 
(instead of 4-ft) core, in hope of 
attaining 100-Mw(th)—five times 
original design power of 20 Mw- 
(th). (The plant has reached 62 
Mw/(th) with the first core.) 

When unloaded in preparation for 
the rebuilding-shutdown period, the 
fuel was found to be in excellent 
shape except for scale; experience 
shows a need for coping with crud 
deposition. Early realization that 
reactor internals needed reworking 
prevented extensive experimenting 
with high-level fission activity in the 
core such as would result from a 
burst fuel element. Low fission 
gee 9 activity has been shown to 

selectively retained in the core, 
the boiling process itself serving to 
decontaminate the steam. 

Until now, recirculation rates 
have been disappointing. This is 
believed to be due to the entrain- 
ment of steam in the downcomers. 

EBWR was originally designed 
for heavy water experiments, but— 
except for testing the design method 
for minimizing and detecting leak- 
age of water and steam—the im- 
portance of operation with D,O has 
been downgraded. The reactor is 
now felt to be too small for ex- 
periments that can be extrapolated 


realistically to core performance 
predictions for full-scale D,O re- 
actors. 

Original fuel for EBWR_ was 
zircaloy-clad, slightly enriched metal 
plate. Principal drawback is the 
continuing concern that a cladding 
rupture could lead to severe chemi- 
cal failure. Experience with EBWR 
supports the conclusion that metal 
is preferable in systems of relatively 
low temperature and low power 
density, such as the original EBWR 
design; however at the higher power 
densities for which the reactor is 
being prepared, oxide appears pref- 


erable. 


Vallecitos 


The Vallecitos Boiling Water Re- 
actor is also scheduled to undergo 
extensive changes, beginning by 
year’s end; it is scheduled to return 
to operation a few months later. 
The changes will give VBWR: 

1. Capability of operating alter- 
nately using internal natural circu- 
lation, variable speed forced circula- 
tion, single and dual cycle. 

2. Ability to operate a portion of 
the core at conditions characteristic 
of large power reactors with UO, 
fuel. 

3. A control system capable of 
providing long fuel irradiations to 
20,000 MWD/T. 

4. Considerable instrumentation 
installed in the core for testing fuel 
designs and core performance. 

5. Continued operation of super- 
heat loop experiments (NU, June 
"59, 29). 

To achieve these capabilities, a 
completely new internal structure 
will be placed in the existing reac- 
tor vessel. Two high-head centrif- 
ugal pumps, one of which can op- 
erate at variable speed, will provide 
forced circulation in a wide range 
of experimental conditions. Nat- 
ural circulation within the vessel is 
obtained by baffles. Power densi- 
ties up to 200 kw/liter are expected 
in experimental cores. In work to 
date on the superheat loop, the an- 
nular fuel element used operated 
satisfactorily without unusual diffi- 
culties, and demonstrated its ability 
to dissipate decay heat following a 
scram with no coolant flow. 

Developmental fuels of various 
designs have been tested to deter- 
mine performance characteristics 
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and limitations. Rod tested 
have included stainless- and zirca- 
loy-clad oxide, pelletized or swaged 
to high density. Heat fluxes have 
attained 870,000 Btu/ft*’/hr inter- 
mittently for %-in. rods, and as of 
Oct. 1 exposures of up to 4,000 
MWD/T were given some fuel as- 
semblies.. Of 500 fuel segments 
irradiated to date, two suffered 
cladding rupture. 

VBWR has operated safely with 
defective elements in the core, with 
no permanent contamination of the 
system resulting. 


Sodium Reactor Experiment 

Analysis of SRE’s performance 
shows that the present core, de- 
signed for 20-Mw/(th) operation, 
could reach 45 Mw with increased 
heat rejection capacity and greater 
pump power. A larger heat ex- 
changer and piping changes will be 
installed to achieve this. 

SRE has produced 2,200 MWD 
of thermal energy between May 
1958 and June 1959, and generated 
more than 15-million kwh. Aver- 
age plant factor has been 50%, with 
about one-third of the down-time 
necessitated by equipment short- 
comings or essential modifications, 
the rest being for experimental pro- 
grams or desirable but non-essential 
improvements. On this basis it ap- 
pears SRE might have achieved a 
plant factor of over 80%. The re- 
actor has been down since July 27 
(see box). 

The unalloyed uranium used in 
the first core has been shown to 
have an operating limit under 2,000 
MWD/T near 1000° F; tests on 
other fuels, particularly the U-Th 
alloy to be used in the second core, 
show much larger burnup is pos- 
sible. 

The graphite modifier has per- 
formed very well. No changes in 
thermal conductivity, nor any re- 
lease of gas, have been observed. 
The exceptional heat transfer capa- 
bility of liquid sodium was con- 
firmed; control of oxide content was 
readily accomplished with new cold 
traps and hot traps—to below 10 
ppm. 

The intermediate heat exchanger 
did not come up to expectations, 
largely because fe is too small; a 
larger one is on order. The once- 
through boiler showed some stabil- 
ity and stratification problems, but 


on the whole lived up to - 
tions. The natural-circulation boiler 
performed better than 


The freeze-seal wy worked well 
for over a year, but several failures 
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of the freeze-seal resulted in plant 
shutdown or, worse, in admission of 
contaminants into the sodium sys- 
tem. 

The fuel handling cask performed 
very well over 2,000 times with nor- 
mal fuel elements (over 20 years of 
normal powerplant ration), but 
lacked sufficient flexibility to cope 
with damaged elements. 

Reactor stability is excellent, 
thanks to the negative prompt tem- 
perature coefficient. Little regula- 
tion is required; the system re- 
—_ well to changes in power 

emand; a load-following system is 


to be installed. In June sodium 


exit temperature was taken to 
1,060° F to generate steam at 
1,000° F (corresponding design 
conditions: 960°, 825°). 


OMRE 

During the Organic Moderated 
Reactor Experiment’s first year of 
power operation, experiments were 
carried out under many different 
conditions (NU, Nov. 59, 113). 

OMRE was then put to a second 
use not originally anticipated: as 
a fuel element testing facility. It 
has been back in operation since 
June with a second core, including 
experimental fuel elements. 





What Happened to SRE’s Fuel Elements? 


“The reactor is being completely unloaded of all fuel; 
several moderator cans are expected to require replace- 
ment. Steps are in progress to rid the sodium system of 
remaining contaminants. We will then install the second 

a U-Th alloy, and expect to go back into 
ter the first of 

So reported Atomics International’s technical director, 
Sidney Siegel, to the Forum meeting on the Sodium Re- 
actor Experiment’s recent troubles with melted fuel ele- 
ments (NU, Sept. 59, 29). Here is Siegel's account of 


fuel loadin 
operation 


what took place: 


“At the end of Power Run 13 a leak occurred in a line 
carrying an auxiliary coolant, tetralin, to the main primary 
pump shaft seal. This organic material entered the main 
primary sodium system and decomposed, forming carbo- 
naceous impurities. . . . 

“On discovery of the leak, SRE was shut down on June 
6. The faulty gland seal was replaced with a NaK-cooled 
system which had been built for this og y- and the 
tetralin a was stripped from 

ing with nitrogen. Decom 
Seéabal duahasibens could not i heseret by this means, 
but it was expected that removal could be accomplished 


during operation. 


“The reactor was started up again on July 12, with a 

careful approach to modest power levels. . 
after about 10 days of operation, it was apparent that the 
maldistribution of flow which existed among the channels 
was not improving in the expected fashion, and on July 27 
the reactor was shut down to examine fuel elements and 
observe by TV in the fuel handling cask, or more directly 
in the hot cell if necessary, what was causing the reduced 
flow. . . . During the operating period the exit tempera- 
tures from each channel nowhere exceeded 900° F. 

af “The first few elements examined appeared normal and 

were returned to the reactor. The third had the ap 

near the mi 

with what appeared to be melting of the stainless steel cladding. 

“Since then we have continued to unload the reactor. We now know that 
31 elements were undamaged, while 12 suffered damage of the 
t a eutectic of iron and uranium, which is liquid 
at 1,350° F, had occurred in the damaged areas. 

“It is evident that impurities in the sodium had restricted the coolant flow 

power of only a few Mw, temperatures near 
1,350° F or higher had occurred in the fuel elements. Under severely re- 
stricted flow, the exit coolant temperatures from each channel were not ade- 
— indicative of the temperatures existing in the center portions of the 


photograph. The element had 


Metallurgical tests reveal 


to the point where, even at a 





year.” 


ium by 
tetralin, as carbo- 


. . However 


nce shown on the 
of the reactor, 


shown. 
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SOVIET ACCORD: 
U. S., USSR Sign Pact 


A cooperative program of atomic 
energy development was agreed on 
in principle by John A. McCone and 
Vasily S. Emelyanov, heads of the 
U. S. and Russian atomic energy 
agencies last month, at the conclu- 
sion of a two-week tour of U. S. 
peaceful-atom facilities by a nine- 
man team of top Russian nuclear 
experts under Emelyanoy. 

Under the agreement, three to five 
scientists in each of four fields— 
power reactors, fusion, high-energy 
physics and _ radioisotopes—would 
spend up to 15 days in laboratories 
of the other nation; and both coun- 
tries would work out faster methods 
of exchanging results of peaceful 
atomic research. This limited col- 
laboration is “just the start,” McCone 
said; the exchange would be ex- 
panded, with joint construction and 
operation of experimental facilities 


such as accelerators a future possi- 


bility. 


SNAP-2: 
Miniature Reactor Works 


SNAP-2, the world’s first minia- 
ture reactor, has been successfully 
test-operated, AEC has announced. 
Developed for it by Atomics Inter- 
national, the 220-Ib reactor (not in- 
cluding a 30-lb_ turbogenerator, 
about 400 Ib of shielding) is 14-in. 
dia, 18-in. high—about the size of a 
five-gallon can. It is fueled with 
solid homogeneous elements of fully- 
enriched uranium in zirconium 
hydride, is cooled by liquid sodium 
delivering heat to a sodium-to-mer- 
cury heat exchanger. The mercury 
vaporizes at 675° F and drives the 
3-kw turbine. 

The development project cost 
$6.5-million; duplicate models are 
estimated to cost $400,000. They 
are designed for space vehicles as 





Civilian Cores Assigned to 


At a two-day symposium on nu- 
clear fuel reprocessing held Oct. 
20-21 at Richland, Wash., AEC an- 
nounced assignments for spent fuel 
reprocessing from civilian power 
stations now built or building in the 


Reprocessing Plants by AEC 


U. S. Special plants are now being 
built at four AEC facilities—Han- 
ford, Idaho, Oak Ridge and Savan- 
nah River—to handle these civilian 
fuels (NU, Sept. ’59, 29). The 
assignments: 





Reactor 


At Hanford 
Dresden 
Yankee 
S ingport 
et only) 
Northern States 





Fuel element type 


Initial U 
enrichment % 





UO, in Zr tubes 
UO, in SS tubes 


UO, in Zr tubes 
UO, in AI-Ni plates 


Piqua U clad with Al-Ni 


At Idaho 


Shippingport (core only) 
OMRE 


SM-1 (ex APPR-1) 

Vallecitos 

SL-1 (ex Argonne Low 
Power Reactor ) 

Research and test reactors, 
domestic and foreign 


At Oak Ridge 
Fermi Fast Breeder 
(blanket only ) 

Hallam 

N.S. Savannah 

Indian Point 

Elk River 

Borax-4 

EBWR 

SRE 

Research reactors, foreign 


At Savannah River 


Fermi Fast Breeder 
(core only) 


U-Zr alloy clad with Zr 

U-SS mixture clad with SS 
U-SS mixture clad with SS 
U-SS mixture clad with SS 


U-AI-Ni in Al-Ni plates 
U-Al alloys 


U-Mo alloy in SS tubes 
U-Mo alloy in SS tubes 
UO, in SS tubes 

ThO.-UO, in SS tubes 
ThO.-UO. in SS tubes 
ThO,-UO, in tubed Al plates 
U-Zr alloy in Zr plates 

U rods in SS tubes 

U-Al alloy 


U-Mo alloy clad with Zr 
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power packs for transmitters, tele- 
metering equipment and instrumen- 
tation. SNAP-2 (Systems for Nu- 
clear Auxiliary Power) is 1,200 times 
more powerful than the 2.5-watt 
SNAP-3 which uses decay heat from 
polonium-210 (NU, May ’59, 166). 
A scale-up now under development, 
SNAP-8, will develop about 30 kw. 


AEC PEOPLE: 
New Faces, Functions 

William F. Finan, assistant direc- 
tor for management and organization 
of the Budget Bureau, will join AEC 
in mid-December to assume a new 
post: assistant general manager for 
regulation and safety. In a spate 
of other AEC changes: John R. 
Moore was named director of a new 
Office of Contract Policy (to coor- 
dinate all policies, standards and pro- 
cedures); Brig. Gen. Irving L. 
Branch, the Air Force chief of nu- 
clear propulsion, got his second hat 
as AEC chief of aircraft reactors; 
Myron Kratzer becomes deputy 
director, International Affairs Div., 
succeeding Clark Vogel (to Martin 
Co.); Dwight A. Ink becomes asst. 
general manager for administration, 
is succeeded by Howard C. Brown, 
Jr. as assistant to Chairman McCone; 
E. J. Bloch becomes asst. general 
manager for manufacturing, is suc- 
ceeded by George F. Quinn as direc- 
tor, Production Div.; Joseph C. 
Clarke and Stanley W. Nitzman are 
the new managers respectively of 
the New York and Schenectady 
Operations Offices. 


PRDC CASE: 
Court Sets Review Dates 

The U. S. Court of Appeals for 
the District of Columbia has fixed 
the schedule under which it will re- 
view AEC’s decision granting a pro- 
visional construction permit for the 
Fermi reactor of Power Reactor De- 
velopment Corp. (NU, July ’59, 60). 
The three unions seeking reversal of 
the decision will file their formal 
brief by Dec. 18. AEC and other 
respondents must reply by Feb. 1; 
oral argument will begin March 14. 


FOOD PROGRAM: 
GM Completing Review 

The Army Quartermaster Corps 
was scheduled to complete a review 
of the food-irradiation program by 
Nov. 30. The reviewed was ordered 
just shortly after Richard Morse, 
the Army’s research and develop- 
ment chief, decided to shelve con- 
struction of the proposed food- 
irradiation center near Lathrop, 
Calif. (NU, Nov. ’59, 26). 
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Reactor News 


MARTIN TO BUILD PEBBLE-BED CRITICAL 

A first critical experiment testing the long-touted pebble- 
bed reactor concept has been scheduled. Martin will 
build it at its Middle River, Md., plant near Baltimore 
under a 17-month, $838,163 AEC contract under AEC’s 
“horserace” for deserving advanced xeactor concepts 
(NU, Oct. 59, 22). Martin’s project is a “dynamic” 
pebble-bed—or fluidized bed—type in which the fuel 
pellets are swirled around by a coolant that also pro- 
vides moderation, as opposed to the “static” — d 
cooled by helium or other gas and moderated by struc- 
tural graphite columns or cylinders in the core. This 
latter type has been under study here by Sanderson & 
Porter for some time (NU, Aug. ’58, 24), and one is being 
built in Germany (NU, Oct. 59, 26). In the fluidized 
bed concept, coolant flow through the reactor vessel 
from bottom to top causes the pellets to rise in the 
vessel, thereby providing moderation to start the chain 
reaction; shutting off coolant flow causes the pellets to 
settle unmoderated at the tank bottom. Thus the re- 
actor is controlled with the coolant pump; and control rods, 
rod drives and precision fuel elements are eliminated. 
Martin is using water as moderator-coolant. Westing- 
house, which has also been working on a fluidized bed 
reactor for Burlington (Vt.) Light Dept. (NU, Nov. ‘58, 
24; April ’59, 25), uses organic instead. Martin and 
Westinghouse were in fact rival applicants for a horse- 
race development contract on the fluidized bed; AEC 
said Martin was chosen because it had begun its work 
earlier (1955, Martin said) and was further along. 
Work to be done includes study of abrasion effects on 
various types of pea-sized pellets, both clad and unclad. 


LUMMUS PICKED FOR NEW BNL REACTOR 

A team of Lummus Co., architect-engineer, and Curtiss- 
Wright Corp., subcontractor for reactor design, has been 
picked by AEC to go to work on a 20-Mw(th) high-flux 
research reactor to be built at Brookhaven National 
Laboratory. The $10-million facility was authorized by 
Congress this summer, is to be ang ig in three years. 
It will use U-Al alloy plates for fuel, heavy water as 
moderator, coolant and reflector, to achieve 1-2 x 10” 
flux in the core, 5-7 x 10” in the reflector. Its research 
tasks will include problems on composition of solid 
materials; diffraction. measurements; alignment of nu- 
clear particles; and isotope production. Lummus, a 
subsidiary of Combustion Engineering, was one of the 
eight bidders. 


STEEL STRIKE EFFECTS FELT 

As the steel strike went into its fourth month, the nuclear 
industry joined the many feeling the pinch. Argonne 
National Laboratory reported these _— delays: 
Borax-5—delivery of pressure vessel held up; ZPR-3— 
lack of stainless steel sheet for jacketing cans of fuel is 
preventing experiments; EBWR modifications—non-de- 
livery of primary system filters and reboiler; EBR-2— 
shortage of small items setting back construction 
schedule. At Piqua, Ohio, work was entirely halted on 
the 12-Mw/(e) organic reactor because of the steel strike. 
Similar reports came from all over the country. 


FAST SOURCE REACTOR GOES CRITICAL 

A research tool for the fast reactor program, the Fast 
Source Reactor went critical Oct. 29 at the Idaho test 
station. The $125,000 unit, designed and built by 
Argonne, will provide fast neutrons for experiments on 
measurement of fast-neutron spectra and determination 
of statistical fluctuations of reactor neutron populations. 
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DRESDEN SHUT DOWN—ROD DRIVES FAIL 
Control rod and fuel element operating failures have 
caused shutdown of the Dresden plant early in its start- 
up testing program, even as AEC granted a second pro- 
visional license allowing test operation to 315 Mw/(th), 
half of rated power. Main trouble: “Three of the pins 
connecting control rod pistons to drive rods have sheared 
under test. It has not been determined whether the 
pins were defective or subjected to some unexpected 
strain.” So Commonwealth Edison’s Titus LeClair re- 
ported to Harold L. Price, AEC’s director of licensing 
and regulation. In a later letter to Price, Common- 
wealth reported that “the condition was discovered 
when it was noted that operation of one of the control 
rod drives in the direction of extracting the control rod 
did not produce the normally expected increase in 
neutron multiplication. . The control rod was 
lodged in the reactor, disconnected from the drive piston 
by shearing of a pin provided to permit deliberate 
shearing for drive removal under certain adverse con- 
ditions. AEC declared, “We do not believe that any 
safety hazard exists as a result of these difficulties.” A 
second problem: finding of small cracks in the zircaloy-2 
fuel cladding tubes, invisible on the surface but penetrat- 
ing half the tube thickness. Originally only a few tubes 
were ultrasonically spot-checked, and 6% of those tested 
showed cracks and were rejected; now every element 
is tested before it is loaded. A third problem not 
mentioned by the plant's builders is that no instrumenta- 
tion tells the position of the control rods. The 84 ele- 
ments loaded so far were moved to the outermost rings 
to make the core subcritical and permit inspection of the 
drive mechanisms; critical reloading is to start Dec. 8, 
one month having been lost. 

EIGHT BID ON NPR HEAT EXCHANGERS 

Burns & Roe, architect-engineer for the NPR (New Pro- 
duction Reactor) at Hanford, has received eight bids to 
build ten heat exchangers, worth about $6-million, for 
this dual-purpose reactor. In addition to five familiar 
names (Alco, Babcock & Wilcox, Combustion Engineer- 
ing, Foster Wheeler and Griscom-Russell), there are 
three relative newcomers who have, however, long been 
working their way up through the nuclear components 
business: A. O. Smith, Milwaukee; Yuba Industries, 
San Francisco, and C. F. Braun, Alhambra, Calif. 
REVEAL TRITON CAN REFUEL AT SEA 

As the Navy prepared for commissioning of the world’s 
biggest submarine Triton on Nov. 10, it permitted dis- 
closure of some hitherto secret features of her two re- 
actors, each of which develops higher shaft horsepower 
than any other submarine propulsion unit and has less 
weight per shp than any other submarine reactor. Triton 
can be refueled at sea—the only A-sub with this capa- 
bility. This is made possible by a “unit-cell” core that 
permits each cell, or fuel-element cluster, to be removed 
individually through a small hatch in the hull—instead 
of having to remove the entire core at one time. (Com- 
pare the Belgian BR-2 test reactor.) This method of 
refueling is expected to be 4-6 weeks faster than those 
used on other A-subs. Also revealed was the novel 


twisted-ribbon type of fuel element, designed to in- 


crease heat transfer efficiency over plate-type elements. 
Meanwhile, at Triton’s land-based prototype at West 
Milton, N. Y., four sailor trainees were hurt (one later 
died) when a high-pressure air flask that supplies air to 
operate valves in the steam plant exploded. . . . Later, 
on Nov. 15, George Washington went to sea, six weeks 
early. 





World News 


Exim Bank Advances $34-Million to SELNI 


SELNI (Societa Elettronucleare Italiana, the utility syn- 
dicate covering the northern provinces of Lombardy, 
Liguria, Trentino, Tre Venezie, Emilia and Tuscany ) 
last month obtained a $34-million loan from the Export- 
Import Bank of Washington toward financing the $64- 
million pressurized water power reactor SELNI had 
ordered from Westinghouse (NU, May 59, 26). The 
credit is repayable over 15% years starting in 1964; it is 
guaranteed by the Italian government. The reactor’s 
initial 165-Mw(e) output is an increase from the 134- 
Mw/(e) of Yankee (of which SELNI was originally to 
be a Chinese copy), achieved by changes in the size 
and design of the core: a 3-region core of concentric 
rings will be used with enrichment varying from 2.6 to 
2.8%. By the time all three rings have been refueled 
once, the reactor is expected to make 225 Mw(e). _Ital- 
ian firms will provide most of the turbine and generator, 
the U. S. all primary loop parts including a reactor ves- 
sel by Combustion Engineering, four heat exchangers 
and fuel (oxide pellets in stainless tubes) by Westing- 
house. The reactor is scheduled to be making power 
by late 1963 or early 1964; preparatory work is already 
under way at a site on Italy’s Riviera coast. 





Karlsruhe Reactor Nears Completion 





The first German-designed research reactor in West 
Germany, the $50-million FR-2, (NU, Oct. ’56, R10; 


Sept. 58, 142) nears completion at the Karlsruhe nuclear 
research center. The 10-Mw unit uses German natural- 
U fuel, German D:O moderator-coolant. 


Chinon Reactor Vessel Dismantled for Cracks 


Welding of the courses of 4-in. plate for the reactor 
vessel for EDF-1 (photo NU, Sept. 58, 77) caused 
cracking at the welds due to unequal heating. As 
result, the half-finished vessel was dismantled early this 
summer, NUCLEONICS now learns, and is being rewelded. 
EDF-1 is now slated to go critical only in mid-1960— 
roughly six months behind schedule. 





Yugoslav Accident to be Re-enacted 





The International Atomic Energy Agency is arranging to 
reconstruct the accident at the critical assembly of the 
Boris Kidrich nuclear research center near Belgrade on 
Oct. 15, 1958 (NU, Feb. ’59, 28; April, 107). The 
unusual experiment will aim at determining the dose 
received by six victims; the five survivors will help 
position dummies in the reactor room to re-stage the 
moment of the accident. The work, expected to have 
immense value in future exposure cases, will be super- 
vised by U. S. scientists under K. Z. Morgan of Oak Ridge. 
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Dounreay Finally Goes Critical 


Britain’s experimental fast breeder at Dounreay, orig- 
inally slated to start up in April 1958, went critical Nov. 
14 after oxide formation contaminating the NaK coolant 
had caused a final delay. Novel handling techniques— 
kept secret by AEA—had to be devised to clean out the 
oxide; the scavenging system provided was inadequate 
to handle the amounts formed. 





Beryllium, Stainless Battle in Britain 





The beryllium development program in Britain to pro- 
vide cladding for the Advanced Gas-cooled Reactor fuel 
elements has run into trouble with the discovery that at 
high temperatures, neutrons cause helium bubbles to 
form in fatten. Under similar conditions, stainless 
steel develops very poor vibrational fatigue strength 
characteristics. A grim battle in metallurgical labs 
may decide which metal will be chosen for AGR; a real 
possibility is that both may be used, in different parts 
of the core . . . Sir Christopher Hinton, head of the 
Central Electricity Generating Board, recently declared 
that Oldbury-on-Severn (NU, May ’59, 34) would be 
the first civil station using the AGR design. Eightli civil 
station in Britain, Oldbury will have two 500-Mw(e) 
reactors for 1,000-Mw(e) output, be on the line in 
1955-56. 


U. S.-Italian Project on Fog-Cooled Reactor 





CISE, the private Italian nuclear research group; An- 
saldo, Italy’s biggest shipyard; and Nuclear Development 
Corp. of America are working, under a joint U. S— 
Euratom research board grant, on a $550,000, one-year 
project to develop a reactor cooled by a dispersion of 
water in steam. A moisture separator would send steam 
to the turbine, water back to the reactor inlet. Ad- 
vantages: it would be easier to get superheating than 
with a boiling reactor; because there would be a separate 
moderator (graphite or water in a tank around the 
core), the problem of steam voids in a boiling reactor 
would be eliminated; heat transfer would be far better. 


British B&W in Sales Agreement 


Babcock & Wilcox Ltd. has entered into collaboration 
with Humphreys & Glasgow, engineers, to design and 
sell 17.5-30 Mw(th) pressurized water power stations. 
The earlier agreement between Humphreys & Glasgow 
and Alco Products (NU, Nov. ’57, 20) was terminated. 


Britain Picks Fusion Center Site 


A 175-acre site at Culham, Oxfordshire, has been chosen 
by the Atomic Energy Authority as its new thermo- 
nuclear research center. If approved, most of the fusion 
work now at Harwell and Aldermaston will be brought 
here; the ICSE (successor to Zeta, NU, Aug. ’59, 19) will 
be built here, and a staff of 1,000 will be built up. 


Inter-American Nuclear Group Meets 











The new Inter-American Nuclear Energy Commission, 
founded seven months ago by the Council of the 
Organization of American States, held its first session in 
Washington the last week of October. IANEC, which 
had begun operations July 1 on its own small budget of 
$200,000, laid down a plan of work to resume the 
nuclearization of Latin America, almost dormant since 
American & Foreign Power Co. dropped its three-power- 
reactor program nearly two years ago (NU, May ’58, 
26). A working group was named to carry out the 
work plan; its top-priority task is to draft a coordinated 
program of training, education and research. 
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News in Brief 


NAM Invited to Criticize AEC Commercial Activities 


At the request of AEC, the National Assn. of Manufac- 
turers is surveying the members of its Nuclear Energy 
Committee for “specific examples of commercial activi- 
ties” carried on by AEC. The Commission is under an 
obligation to report on its commercial activities by Dec. 
31 to the Budget Bureau. NAM was invited to partici- 

ate in the review and appointed a 5-man task force 
under Garth Edwards of Sylvania~-Corning Nuclear Corp. 
to conduct a survey and submit a report to AEC about 
Dec. 1. All federal agencies have been ordered to eval- 
uate their commercial activities under Budget Bureau 
Bulletin 60-2 of Sept. 21; the bulletin calls for discon- 
tinuation of all commercial activities except those involv- 
ing national security, substantially lower costs or clear 
unfeasibility. 


Two Cyclotrons Underway for Completion in ’61 

The U. S. has begun construction of two big cyclotrons 
for completion in the fall of 1961 at Oak Ridge National 
Laboratory and Lawrence Radiation Laboratory. The 
76-in. Oak Ridge Relativistic Isochronous Cyclotron 
(ORIC), costing $3.7-million, will be capable of accele- 
rating protons up to 75 Mev and various ions up to 100 
Mev; it will be the third at ORNL. The spiral ridge, 
88-in. cyclotron abuilding at Lawrence will have capa- 
bility for accelerating a variety of particles at large beam 
currents, though not at particularly high energies: 
alphas, up to 120 Mev; deuterons, 60 Mev; protons, 30 
Mev; ps heavy atoms like carbon and nitrogen, 10-15 
Mev in the nucleus. 


Westinghouse Expands Cheswick 

Expansion of Westinghouse’s nuclear core manufacturing 
plant at Cheswick, Pa., has been undertaken to provide 
additional development and production facilities for fuel 


elements and core components. Nearing completion, 
the facility will house a new group: the Nuclear Com- 
ponents Development Lab, and will be available to all 
industry customers (the present building makes only 
Navy cores). 


U. S. Gives Canadians U Stretchout, Drops Options 


AEC and Canada have worked out a uranium-supply 
agreement providing for a stretchout of Canadian de- 
liveries—an estimated 40,000 Ib U:O,;—through 1966. 
The Canadians were willing to accept the loss of any 
chance to make additional sales to the U. S.—-via options 
coming due in 1961—to assure a market into 1966. 
U. S. officials made it clear they would have refused to 
exercise the options because of. over-supply conditions. 


AEC Reviewing ANP, Other Data for Declassification 


Two interesting declassification projects are in process 
at AEC’s Division of Classification: 1. Just ending is a 
review of materials information developed in the $840- 
million Aircraft Nuclear Program (ANP)—the most in- 
tensive classification review on ANP so far; and 2. All 
AEC data so secret even access permittees cannot see it 
is being reviewed for possible downgrading to access- 
permit levels (this effort was scheduled for completion 
Nov. 30). ANP data will be some time in reaching the 
industry, however, because of the normal lag between 
declassification and publication. 


Organizational Changes at NAA, NDA, M & C Nuclear 


Developments at North American Aviation last month: 
the Rocketdyne div. established the Nucleonics sub- 
division under R. B. Dillaway to coordinate all Rocket- 
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dyne work on nuclear rocket propulsion, electrical pro- 
pulsion (ion, plasma, etc.) and power conversion systems 
(nuclear, electrical and solar); the Atomics International 
div. assigned William E. Parkins, former reactor engi- 
neering chief, to direct all work on organic reactors, and 
appointed Robert W. Dickinson to the Sodium 
Reactors dept. Marvin Fox, formerly in charge of 
sodium-graphite reactors, has left Al. . . . Nuclear De- 
velopment 8 of Americe has acquired Ray Proof 
Corp., Stamford, Conn., producer of radiation shielding 
materials; Ray Proof will continue operating in Stam- 
ford as an NDA subsidiary. . . . Texas Instruments has 
established an advanced nuclear fuels lab at its M & C 
subsidiary in Attleboro, Mass.; under Jay W. Thornhill, 
the lab will investigate fundamental materials technology. 


Radiation Program Launched by California . . . 
California has taken two steps to assure itself of a 
sophisticated posture on radiation: 1. the t. of 
Health has assigned to a 30-man staff a five-point, $260,- 
000 program to collect the “fullest ible information 
about radiation levels and hazards’; and 2. Gov. Ed- 
mund G. Brown has selected an 11l-man Scientific 
Advisory Committee—including former AEC Com- 
missioner Willard Libby and Edward Teller of Law- 
rence Radiation Laboratory—to Alexander Grendon, 
State coordinator for atomic energy development 
and radiation protection. The five-point health pro- 
gram includes: mandatory registration of all sources of 
ionizing radiation; review of all activities utilizing radio- 
tracers; continuous monitoring of air, water, food and 
other environmental media; assessment of exposure to 
the oa vee from medical X-rays; and re-examina- 
tion of the effects of waste disposal in the Pacific 
Ocean. 


. . » And New Jersey Emphasizes Promotion of Atom 


New Jersey Gov. Robert Meyner said last month that 
his state has decided to organize a nonprofit foundation 
—sponsored by industry, research and state interests— 
to encourage an atmosphere in which nucleonics indus- 
trial pongo may grow. He likened the foundation 
to a clinic, where industry could go for free advice. 


News Notes: Nobel Prize, B & W, Nuclear Medicine 


Two scientists at the Univ. of California, Berkeley— 
Emilio G. Segré and Owen Chamberlain—have been 
awarded the Nobel Prize in Physics for their joint dis- 
covery of the antiproton; the award will be made in 
Stockholm Dec. 10. ... Four engineers attached to 
Babcock & Wilcox’s nuclear center at Lynchburg, Va., 
were killed early in November when a Piedmont Air- 
lines plane crashed in Western Virginia. The four were 
Nyle Bischel, Robert Brown, William Findlay and 
Thomas Fox. . . . The Society of Nuclear Medicine 
will publish the first issue of its new quarterly during 
January—The Journal of Nuclear Medicine. 


LASL Activates Entropy-trapping Fusion Experiment 
Los Alamos Scientific Laboratory put into operation on 
Oct. 26 its new controlled-fusion machine based on the 
principle of entropy trapping (shooting deuterium 
plasma into a magnetic bottle with the hope that dis- 
ordered deutrons will fuse more easily). The experi- 
mental machine has preliminarily demonstrated that it 
will trap plasma (holding the gas for 200 microseconds) 
but LASL estimated it would take 2-6 months to show 
whether its hydromagnetic gun can fire plasma into the 
bottle fast enough to make some fusions. 
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Radiation News 


Lab Gets No Induced Radiation in Co” Beef Test 

The Chicago Midway Laboratories of the Univ. of 
Chicago has reported to AEC on a special experiment 
to determine whether gamma activity is induced in 
beef irradiated with cobalt-60. The Labs’ conclusion 
after exposing four lb of beef to a 10-megarad dose for 
about 18 hours: “There is no measurable difference be- 
tween the irradiated and non-irradiated samples, using 
the most sensitive and reliable techniques and equip- 
ment available anywhere in this country.” The meat 
was irradiated at the 55-kilocurie cobalt-60 facility of 
Inland Testing Laboratories div., Cook Electric Co. 
CML’s report to the Office of Isotope Development at 
AEC was made Aug. 25. 


Nuclear-Chicago Again Raises Sales, Earnings 

For the sixth straight year, Nuclear-Chicago has in- 
creased its sales and earnings over the prior year. 
Earnings for the fiscal year ending Aug. 31 were $532,- 
986 (81 cents/share) on sales of $5,147,238; fiscal 
1958 sales were $3,851,078, earnings $442,252. The 
sales increase was attributed to catalog instruments, 
radiochemicals, film badges and auxiliary equipment. 
Less than 5% of sales came from government purchases 
or contracts, the firm said. N-C also reported the 
establishment of an Industrial div. to promote instru- 
mentation for the measurement and contro] of indus- 
trial processes. “The prototype of a new industrial 
measurement system is in operation on the customer's 
product,” it was disclosed, “and the results to date are 
encouraging. Two other new industrial measurement 
and control applications are under development.” 


AEC Suspends Firm’s License for Field Radiography 

X-Ray Engineering Co., Burlingame, Calif., has lost, 
until further notice, that portion of its AEC license cov- 
ering field radiographs—after an alleged “wilful” viola- 
tion of an AEC order requiring certain monitoring 
equipment. The firm was accused by AEC of violat- 
ing the 1954 Atomic Energy Act and AEC’s licensing 
regulations and its order of Aug. 25 calling for monitor- 
ing of field radiographs. A hearing was scheduled at 
San Francisco Nov. 5 before AEC Examiner Samuel 
— the company was ordered to show why its 
icense should not be modified, suspended or revoked. 


Penna. Firm Enters Custom Equipment Business 

Radiation Engineered Services, Norristown, Pa. (NU, 
Sept. ‘59, 157), has entered the large-isotope-source, 
radiation-equipment business with a line of custom 
radiography machines, gamma irradiators and asso- 
ciated monitoring devices. Headed by A. J. Stevens, 
former vice-president of Budd Nuclear Systems div., 
RES had devoted itself exclusively to nucleonics train- 
ing until the decision to produce custom equipment. 
Radiography machines will run from small, hand-carried 
cameras to multi-kilocurie units (thulium-170, iridium- 
192, cesium-187 or cobalt-60); irradiators can also be 
supplied in a wide range, the firm said. RES also 
claimed that its prices will be “the lowest in the in- 


dustry.” 


Tracerlab Creates New Unit on West Coast 

A 55-man Technical Services dept. for users of radia- 
tion on the West Coast has been organized at Tracer- 
lab’s Western div. and Reactor Monitoring Center, 
Richmond, Calif. Leon Leventhal, special projects 


chief, was appointed to manage the new department. 
It will handle activation analyses, source and radio- 
chemical preparation, leak testing, environmental sur- 
vey", training, and radioactive decontamination, among 
others. 


Atomium Corp. Acquires Small Medical Supplier 

Medical Engineering Corp., Cambridge, Mass., has 
been acquired by Atomium Corp., Waltham, Mass. 
(NU, Oct. 59, 32). The small manufacturer of med- 
ical nucleonics equipment (counting systems, scanning 
systems, automatic medical systems and special instru- 
ments) was incorporated into Atomium as a division; 
Gordon L. Brownell, former president of Medical Engi- 
neering, has joined the Atomium board and staff. 


RCA to Help Victoreen Service Its Equipment 


Victoreen Instrument and RCA Service Co., a division 
of Radio Corp. of America, have worked out an agree- 
ment whereby RCA Service will augment Victoreen 
servicing of factory and field instrumentation (nucleonic 
and electronic). The agreement covers principal cities 
of the U. S., Victoreen said, and provides for RCA in- 
stallation, repair and maintenance of both portable and 
stationary equipment. RCA personnel will be supplied 
by Atomic Energy Services, a special unit of RCA 
Service. 


AEC Isotopes Office Gives Two Development Contracts 


Lockheed Nuclear Products and Evans Research and 
Development Corp. have been given contracts under 
AEC’s Isotope Development Program (NU, Oct. 59, 
32). Lockheed was given $27,600 to develop an iso- 
tope gaging system for the detection of defects in 
boiler and heat exchanger tubes caused by corrosion or 
erosion; Lockheed will work chiefly with cesium-137 or 
barium-137 but is free to use any other feasible isotope. 
Evans has been assigned development of a particle size 
analyzer utilizing a soft beta-emitter; the instrument 
Evans has proposed could be used for both size and 
distribution analysis of powders, emulsions, suspensions, 
gels and aerosols. 


Radiation News Briefs: RAI, RCL, Polyethylene 


Radiation Dynamics has completed the sale of 25,000 
shares of common stock to raise $250,000; the proceeds 
will go for a second vault to house a 3-Mev accelerator 
at Westbury, L. I., headquarters; for a stepped-up 
merchandising program; and for working capital. The 
firm has aa been designated an “approved radia- 
tion facility” by the Army Quartermaster Corps and 
has been given a contract by the Navy’s Bureau of 
Ordnance for the study of radiation effects on electrical 
fuse components in rockets, missiles and shells. . . . 
Radiation Counter Laboratories reported a 42% in- 
crease in shipments, over a year ago, for the quarter 
ended Sept. 30; the total was $579,000, against $408,- 
000 in the 1958 period. Incoming orders during the 
latest quarter were $622,000—up 45% from last year’s 
third quarter. . . . Industry officials are predicting a 
huge market for irradiated polyethylene, now showing 
promise as an inexpensive, heat-resistant wire cover- 
ing for missile instruments. The irradiated plastic 
weighs less than teflon (now used extensively in mis- 
siles), has a high temperature range (135-150° F), and 
could be produced for less than 50 cents/Ib—against $3- 
5 for teflon—according to industry reports. 
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From Detection 
fo Analysis 


RCL NUCLEAR 
DATA PROCESSING 
EQUIPMENT 





AVAILABLE NOW: 


RCLiac 128. 
Transistorized RCLiac 
128 is a unique, new 
type of nuclear instru- 
ment. It is both a 128 
channel analyzer and 
a 125 channel scaler. 
Both digital number 
and curve CRT display 

. Six plug-in mod- 
ules: Display, Memory, 
Adder, ADC, Control 
and Power Supply ... 
Portable (138 Ibs.) .. . “ 
“Live Time’ — 0.19 
second to 28 hours... 
Split memory . . . Pre- 
set time, preset count. 





SHHSSSSSSSSSSSSSSSSSSHSSSSSSSSSSSSSSSSSSSSSSSHSSSSEHSSSSSSSSSSESESESSESESSSSSSESESEEEESSEEOSESESESSSSSESESESE 


DETECTORS. RCL's non-corrosive 
halogen quenched geiger counters 
are non-photosensitive . . . 100% 
gas efficient . . . Infinite life (3 x 
10'° counts) . . . —50°C to 220°C 
operation ... 1-2% Avg. Plateau 
Slope. RCL also has a complete line 


and gas flow detectors. 


MULTI-CHANNEL ANALYZERS. ~ 

New RCL 256 Channel Analyzer, eRe 
Model 20613, features pre-selected eooe--- 
automatic programming. Any func- 
tion may be included or excluded 
from the analyzer cycle including 
digital printer, strip chart recorder, 
data shift, background subtraction, 
quartered or halved memory, etc. 
For example: Stored background 
can be automatically subtracted 
without manual intervention. Six 
modes of readout: Magnetic tape, 
punched paper tape, digital printer, 
X-Y plotter, strip chart recorder 
and CRT display. Also available: 
512, 1024, and 2048 channel pulse 
height analyzers, 1024 Channel 
Neutron Time of Flight Analyzer, 
Single Channel Analyzers and Re- 
cording Spectrogammeometers. 





SURVEY METERS. RCL's New Fast-Slow Neu- 
tron Survey Meter, Model 20810, is a port- 
able, battery operated, transistorized instru- 
ment with printed circuitry and low power 
consumption. Fast and slow neutrons are mea- 
sured independently. Weight: Less than 10 Ibs. 
Dimensions: 21 42" x 6” x 6”. Individual fast 
or slow neutron survey meters also available. 




















4 4 
| iy 
a » ° 
y » of cosmic ray, scintillation, neutron 
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ACCESSORIES. RCL keeps a continuous supply of radia- LIQUID SCINTILLATION COUNTERS. Liquid scintillation coun- 
tion shields, sample holders, sources, safety equipment ters are now available in any size up to whole body human counters. 
and clothing, timers, glassware, scintillation crystals, sam- NUCLEAR GAUGES. A complete line of nuclear thickness and 
ple preparation and handling equipment, etc. density gauges and all necessary controls are available from RCL. 





| '!_= 
€\ RADIATION COUNTER 
LABORATORIES, Inc. | ~ oor wwe 


512 w. —— * ; product specifications. 
IE, ILLINOIS, ras 





Write RCL Dept. B 
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POWER 


BOILER PLANT 


ng sodium-to-water 


steam generator) 


»REACTOR PLANT 


(Containing reactor and 


J oa 


primary sodium coolant system) 


SODIUM PLANT 
(Housing secondary 
sodium pump) 


~PROCESS PLANT 


(For processing and 
fabricating fuel) 


Diagram of EBR-II courtesy Argonne National Laboratory 


THIS SODIUM-COOLED REACTOR 
WILL BE AN IMPORTANT YARDSTICK 
FOR COMMERCIAL NUCLEAR POWER 


Experimental Breeder Reactor-I1 (EBR-11)—Argonne’s sodium-cooled, 
fast breeder reactor and power plant—will provide performance data 
that can be directly extrapolated to a commercial plant. 


Target completion date for EBR-II, 
now under construction at Arco, 
Idaho, is April 1960. In operation, 
the reactor will produce 62,500 ther- 
mal KW, which will be converted to 
20,000 electrical KW through a con- 
ventional steam cycle. 

Tandem liquid sodium heat ex- 
change systems are employed. So- 
dium in the radioactive primary loop 
enters the reactor at 700° F. and 
leaves at 900° F. Sodium in the non- 
radioactive secondary system enters 
the heat exchanger at 610° F. and 
leaves at 880° F. to generate steam 
at 1250 psig and 850° F. 

EBR-II is as near to a prototype 
central station nuclear power plant 
as is possible in the design of such 
an experimental plant. Consequently, 
it is expected that costs and per- 
formance standards for full-size 
plants can be extrapolated from data 
developed during its operation. Thus, 
the economic feasibility of such a 


30 


reactor can be established. 

Operation of EBR-II at high tem- 
peratures and its resultant high ther- 
mal efficiency are possible because 
liquid sodium has a high boiling 
point. Sodium’s other advantages as 
a heat exchange medium include its 
high thermal conductivity, relatively 
low melting point, low neutron ab- 
sorption, high heat transfer rate, 
ease of pumping, freedom from cor- 
rosion in the absence of impurities, 
and low cost. 

For further information on so- 
dium, write for the U.S.I. brochure, 
“Handling Metallic Sodium on a 
Plant Scale.” If you have special 
problems, callus fortechnical service. 





OTHER 





SODIUM-COOLED REACTORS 


® Experimental Breeder Reactor-! 
(EBR-1) NRTS, Arco, Idaho — fast 
breeder, sodium-potassium cooled 
— 15,000 KW (operational) 


® Sodium Reactor Experiment (SRE) 

Santa Susana, Calif. — graphite- 
moderated —6,500 KW _  (opera- 
tional) 


®PRDC Fast Power Reactor, Mon- 
roe, Mich.—fast breeder—100,000 


KW (under construction) 


® Consumers Public Power District, 
Hallam, Neb.—graphite-moderated 
—75,000 KW (design stage) 





USJIN USTRIAL CHEMICALS CO. 


99 Park Avenue, New York 16, N. Y. 
Branches in principal cities 
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We're proud to salute the nation’s first and largest 
privately financed plant for the commercial production 
of electricity from nuclear-power. 

We're proud too, that Bridgeport Zircaloy tube . . . 
35 miles of it... was selected to contain the Uranium 
in the heart of the reactor. 

Bridgeport Brass Company was the logical choice 
to fabricate Dresden’s fuel cladding, for it pioneered 
the extrusion of seamless Zirconium tube, and is today 
the world’s largest producer of this vital product. 

Zirconium is just one of many metals to benefit from 
Bridgeport’s intensive research in Special Metals for 
special purposes. Others include Beryllium, Colum- 
bium, Hafnium, Molybdenum, Tantalum, Titanium, 
Uranium, Vanadium, and the high temperature stain- 
less steels. 

High-yield processing of reactor metals is a Bridge- 
port specialty. Precise specification tubes, rods and 
special shapes have met the exacting needs of core 
fabricators serving nuclear installations throughout the 


‘STARTS 
ALOY TUBE 


world. Working with Bridgeport, you can count on this 
experience in the processing of your core, cladding, 
and construction alloys. 

When Special Metals in mill shapes may serve you 
best get in touch with Bridgeport first. For full infor- 
mation on the Bridgeport Special 
Metals Development Plan, write 
for your free brochure today. 





r—— 


Department 8405 

Bridgeport Brass Company 

Bridgeport 2, Conn. 

Send my free copy of Bridgeport’s Special Metals Development Plan. 
Name 
Title 
Company. 
Address 














Zone State 





sian BRIDGEPORT BRASS COMPANY 


/ Bridgeport Brass Company, Bridgeport 2, Conn. * Sales Offices in Principal Cities 
Specialists in: Metals from Aluminum to Zirconium 





Stainless steel steam risers just before they enter primary steam drum in giant sphere of Dresden Nuclear Power 
Station. Risers are part of $1,200,000 piping system fabricated for General Electric and Bechtel Corporation by 


Southwest Fabricating & Welding Co 


ANOTHER UNUSUAL PIPING JOB 
ENTRUSTED TO 


“SOUTHWEST FAB” 


Unusual jobs—such as the fabrication of piping 
systems for nuclear reactors—call for unusual 
capabilities. That is why “Southwest Fab” was 
selected to fabricate the heavy wall stainless 
steel piping system for the Dresden Nuclear 
Power Station, today the newest and largest all- 
nuclear power plant in the free world. 
Southwest Fabricating & Welding is widely 
known for its competence in handling unusual 
piping jobs for the refining, chemical and power 
industries. Engineers and constructors for these 


industries know they can depend on “Southwest 
Fab” for superior quality in fabrication and 
on-time delivery. This reputation rests on a 
strong research program, outstanding Engineer- 
ing and Detail Departments, and some of the 
most modern facilities in the industry. 

If your next project, regardless of its size, 
involves a piping system for high-temperature, 
high-pressure service—whether carbon, alloy, 
stainless steel or nonferrous—it will pay you to 
talk with the men of “Southwest Fab.” 


SOUTHWEST FABRICATING 


& WELDING COMPANY, INC. 


7525 Sherman Street, Houston 11, Texas 


WALW ONT 
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life insurance 


Even a good product reputation can be 


quickly tarnished: by a single 
in-service failure or mal-function 
That's why we at K&M have invested 
oni Os hmm ervecelnmeltrtitameeslece) 
it is our product life insurance 
For example, we use a total of 
eight hundred and fifty-four 
dimensional tests in checking out 
precision-machined valve parts 
We periodically probe vital valve 
innards with searching gamma rays 
(from radioactive Iridium 192) 
to detect subtle flaws 

the kind that could become major 
troubles when subjected to 

in-line strains and stresses 

K&M is the only 

control valve 

manufacturer using 

radiographic inspection 
techniques of this type 

within its own plant 

Such exacting quality 

control is very important 
insurance for us—and 

very valuable assurance for you 
It is, in effect, 

a guaranty ol 

precision valve 

performance over a 

long service life 
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HlectroniK POTENTIOMETERS 








New modular design... 


makes ZlzectnoniX potentiometers 
easier to use and maintain 


Now, four great new features add new operating 
and servicing ease to all ElectroniK circular and strip 
chart potentiometers. 


® New servo and chart drive motors are sectionalized so 


that any major part can be replaced in two minutes. 


A new constant voltage unit replaces batteries, stand- 


ard cells and standardizing mechanisms. 


A new measuring circuit, with quick-change range 
spools, simplifies range changing and reduces stray 
pickup. 


® A quick-connect feature lets you remove the amplifier 
for service and replace it quickly. 


Now, modular design is combined with the traditional 
precision of ElectroniK potentiometers, to give you a 
greater value than ever in accurate, dependable 
measurement and control. 


For full details, call your nearby Honeywell field 
engineer today. He’s as near as your phone. 


MINNEAPOLIS-HONEYWELL, Wayne and Windrim 
Avenues, Philadelphia 44, Pa. 


Honeywell 























“T wish I could have done something to help...” 


You can do something 


about traffic accidents! Drive safely yourself—obey the 
law. Sure. But you can do a lot more! Traffic accidents affect everybody. 
Reducing them is a community problem. Its solution calls for systematic, 
organized effort and cooperation with public officials —for teamwork and 
leadership. Here is where you can help. Join with others who are working 
actively to promote safe driving and secure strict enforcement of all traffic 
laws. Make your influence count. Support your local Safety Council! 


CG®@ 


Where traffic laws are strictly enforced, deaths go DOWN! 


Published in an effort to save lives, in cooperation with the National Safety Council and The Advertising Council. 
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Dresden Goes Critical: evidence of advanced 


CONSTRUCTION WELL UNDERWAY — Dresden shows that advanced boiling 
water reactor technology permitted setting . . . and meeting . . . target con- 
struction schedule. Bechtel Corporation is the engineer-constructor. 





PRESSURE VESSEL ARRIVES—Dresden utilizes a dual-cycle reactor. 
Experience gained with Dresden has extended boiling water reactor 
technology beyond other types. 


DRESDEN COMPLETE Privately financed, Dresden Nuclear Power Station 
is the nation’s first full-scale, all-nuclear power station, will supply 180 mw/e) 
to the Chicago area in 1960. 











boiling water reactor technology 





Commonwealth Edison's Dresden station the 
nation’s first full-scale, all-nuclear power station 
reached criticality at 2:45 AM on October 15 after 
the 28th fuel element was inserted into the reactor 
core. 


As illustrated on these pages—at Dresden, 
General Electric demonstrated its capability to 
design and build a complete nuclear power plant at 
a fixed price. Construction goals set in 1956 were 
bettered by six months and costs held within 
original estimates. 


The Dresden Nuclear Power Station is evidence 
of advanced boiling water reactor state-of-the-art, 
its capacity to bring economical nuclear power 
fastest, and at least cost .. . through the practical 
step-by-step program shown on the next page. 
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CONTAINMENT SPHERE NEARS COMPLETION-—-Dresden shows capital 
costs for boiling water reactors can be predicted accurately, the complete 
nuclear plant built at a fixed price. 











FUEL READIED-—Dresden experience helps establish technology and DRESDEN CRITICAL—Operating tests begin immediately after criticality 
reduce costs for mass-produced oxide fuels. Completely loaded Dresden at Dresden to obtain core data, calibrate reactor instrumentation, progress 
core will hold 488 elements like these shown in fuel storage room through gradual steps to full-power operation. 





Nation's utilities continue to support 
the technological advances required to 
achieve economical nuclear power 


The Dresden Nuclear Power Station was built for 
Commonwealth Edison Company of Chicago and the 
Nuclear Power Group, Inc.*, and will supply power 


reactor for fastest realization of economical nuclear 
power, at minimum cost and least technological and 
financial risk. Completion of the Technical Develop- 


to the Chicago area in 1960. Privately financed, it is 
another dramatic example of how America’s electric 
utilities—in cooperation with manufacturers and 
constructors—are advancing technology to keep elec- 
tricity today’s greatest bargain. 


ment Program shown below will achieve that goal. 


FOR MORE INFORMATION on participation in this 
industry program to achieve economical nuclear 
power, contact your nearest General Electric Appa- 
ratus Sales Office or write to: Section 192-23, 


More and more emphasis is being placed on 
General Electric Co., Schenectady 5, N. Y. 


development of the full potential of the boiling water 
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HUMBOLDT BAY 
Pacific Gas & Electric Co. 


EBWR-1953-57 





COMPACT-1 


Compact-1 is needed to develop 
optimum design and construction 
simplicity for forced-circulation 
plants. 
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VBWR-1957 
Pacific Gas & Electric Co. 


BIG ROCK POINT (Proposed) 


Consumers Power Co. 
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SEPARATE SUPERHEATER-1 


Separate Superheater-1 is needed 
to evaluate operation and main- 
tenance characteristics, extend 
nuclear superheat technology. 


DRESDEN-1960 


Commonwealth Edison Co. 











*American Electric Power Service Corp., Bechtel Corp., Commonwealth Edison Co., Central Illinois Light Co., 
Illinois Power Co., Kansas City Power & Light Co., Pacific Gas & Electric Co., Union Electric Co. of Missouri 
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Installed at Atomics Interna- 
tional, Canoga Park, California, 
Stokes 5O0KW vacuum furnace 
is accomplishing diverse and un- 
usual melting and casting tasks. 





Photograph courtesy of Atomics International, 
a division of North American Aviation, Inc. 


How a Stokes vacuum furnace handles 
tough nuclear assignments... 


There’s practically no margin for error in melting and casting 
uranium for reactor fuel. For the exceptional precision and unusual 
versatility of equipment demanded in this application, Atomics 
International, a division of North American Aviation, Inc., in- 
stalled a Stokes 50KW vacuum casting furnace. 


The Stokes furnace has handled some notably tough assignments at 
Atomics International. For example, it cast long, hollow uranium 
cylinders to such size tolerances that no subsequent machining was 
required. For another project, the furnace was operated remotely 
in the casting of uranium fuel slugs. In both applications, maximum 
precision had to be sustained through tight, large-scale production 
schedules. The achievement of melting assignments such as these de- 
mand nothing short of the utmost inequipment and processefficiency. 


Take advantage of Stokes advanced vacuum technology. The 
Stokes Engineering Advisory Service will help you plan the installa- 
tion that best meets your individual requirements. 


Vacuum Metallurgical Equipment Division 
F. J. STOKES CORPORATION 
5500 Tabor Road, Philadelphia 20, Pa. 
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PHYSICISTS 
MECHANICAL ENG/NEERS 
ELECTRICAL ENG/NEERS 


CHEMICAL ENGINEERS To physicists; mechanical, electrical, or chemical engineers who want 


to explore the professional development aspects of the nuclear power 
field, the Bettis Atomic Power Laboratory offers to competent 
engineers problem areas in the design and development of nuclear 
power plants that require detailed mathematical models, and use 

of differential equations as they apply to thermodynamics, fluid 
system analysis and system steady state and transient operation, 


NUCLEAR SYSTEM DESIGN 


If you are a physicist, mechanical, electrical, or chemical 
engineer and are interested in pursuing a career in nuclear 
system design and development and you are a U. S. 
Citizen, write to: Mr. M. ]. Downey, Bettis Atomic Power 


Laboratory, P.O. Box 1526, Dept. B-15, Pittsburgh 30, Pa. 


1 


y 


i ns 


BETTIS ATOMIC POWER LABORATORY 


= 





Westinghouse 
BETTER YOUR FUTURE AT BETTIS 
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What is Commercial Uranium? 


Commercial (depleted) Uranium—the uranium isotopes 
remaining after the removal of U-235 (with radiation 
exposure about equal to that obtained in watching your 
TV set)—possesses many inherent qualities of interest 
to many industries. 








Uranium has many interesting properties. 


For example, Davison Uranium has exceptional density 
—68Q% greater than lead and about equal to gold. This 


indicates usages as counterweights in aircraft, shipbuild- 
ing, tool making industries—wherever high weight and 
low volume are factors. It alloys readily with many met- 
als including aluminum, chromium, copper, iron, manga- 
nese, molybdenum, niobium, nickel, silicon and zirconium. 
Corrosion resistance is increased when uranium is alloy- 
ed with one of these metals. Davison Uranium possesses 
high tensile-strength and lowthermalexpansion. While 
fairly hard (Brinnell 240) at room temperature, uranium 
becomes very malleable as temperature rises. At 1100° 
F. its hardness drops to about 20. 


Is Davison Uranium easy to fabricate? 


Davison Uranium may be melted and cast into any de- 
sired shape. It may be formed by extrusion, drawing, 
rolling, swaging, pressing or forging. 

You can machine Commercial Uranium with conven- 
tional carbide-tipped machine tools, bearing in mind that 
it has work-hardening characteristics similar to those 
of stainless steel. 


It is necessary to machine uranium under water solu- 
ble lubricants. Commercial Uranium has been machined 
on a number of tools including lathes and automatic 
screw machines, saws, high-speed mills and centerless 
and surface grinders. 


How about welding? 


Success in welding Davison Uranium has been achieved 
using the Heliarc and shielded arc-consumable elec- 
trode process. At this date experiments continue in 
joining uranium to uranium by brazing or soldering. 
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How has Commercial Uranium been used? 


Present applications include shielding materials, tela- 
therapeutic heads, isotope containers; as counter- 
weights and static balances. And, for many years, as 
coloring agents and glazes. 


Is Davison Uranium safe? 
Radiation hazards are minor. AEC tests indicate that 





“a week's exposure to depleted Uranium is only about 


1/10th to 1/100th the radiation received from an ordin- 
ary chest X-ray. 


However, just as other heavy metals such as lead are 
toxic if breathed, care must be exercised to avoid in- 
halation of uranium dusts. A properly ventilated work 
area removes this dusting problem. 


Must special storage precautions be taken? 


Uranium metal (except fines) can be handled and stored 
with methods similar to those used with any other massive 
metal. Fines, however, are flammable and should be 
stored under oil or water. 


is Commercial Uranium expensive? 


¢ For example, in lots of 1400 pounds or more 

ommercial Uranium is priced at just $4.60 per pound 

—considerably cheaper than other heavy metals, with 
the advantage of superior density. 


Need more information? 


A letter will bring you additional details for the isis’ 
cation of Commercial Uranium to your products or} 
processes. Write today to Department A-212, Erwin,/ 
Tennessee. ) 


jo! 


w.r.GRACE a co. C«; 


DAVISON CHEMICAL DIVISION 
ERWIN, TENNESSEE 





General Electric Energy Storage 
and Discharge Capacitor Systems 
Provide POWER 








These energy-storage and discharge 
capacitors represent G-E custom de- 
sign for optimum cost per joule in 
applications ranging from a few units 
to million-joule banks. 








GENERAL ELECTRIC CAPACITIVE 
SYSTEMS, backed by over 30 
years of research and develop- 
ment, provide the optimum 
combination of system effi- 
ciency, speed of discharge and 
economy of operation for 
pulsed power research prob- 
lems. 


A COMPLETE G-E SYSTEM, ca- 
pacitors and associated equip- 
ment, can be designed into a 
package to store energy meas- 
ured in a few or millions of 





joules and capable of peak discharge in 
fractions of a second. Coordinated in a 
complete G-E package are matched charg- 
ing equipment, rectifiers, controls, protec- 
tive devices, racks, and various other 


FOR RESEARCH 


components. Installation and testing are 
supervised by qualified General Electric 
personnel to assure peak performance. 


WHEN YOUR WORK demands controlled 
power for research with wind tunnels, 
plasma generators, ionic propulsion de- 
vices, or similar equipment, General Elec- 
tric offers a single source of supply. 


FOR OPTIMUM COST PER JOULE and max- 
imum service life commensurate with duty 
cycle, General Electric custom designs ca- 
pacitors, in a wide range of ratings, to fit 
your particular installation requirements. 


FOR FURTHER INFORMATION contact your 
nearest Apparatus Sales Office or sales 
representative, or write Section 447-15, 
General Electric Co., Schenectady 5, N. Y. 
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Vol. 
Vol. 


PROCEEDINGS OF THE SECOND UNITED NATIONS INTERNATIONAL 
CONFERENCE ON THE PEACEFUL USES OF ATOMIC ENERGY (Geneva) 
English edition—33 volumes NOW AVAILABLE 

CHEMISTRY 


PROCESSING IRRADIATED FUELS AND 
RADIOACTIVE MATERIALS, 709 p. 


1 PROGRESS IN ATOMIC ENERGY, 525 p. 


33 INDEX OF THE PROCEEDINGS 


NUCLEAR MATERIALS 


Vol. 


Vol. 
Vol. 


Vol. 


2 SURVEY OF RAW MATERIAL RESOURCES, 


843 p. 


3 PROCESSING OF RAW MATERIALS, 612 p. 
4 PRODUCTION OF NUCLEAR MATERIALS 


AND ISOTOPES, 644 p. 


5 PROPERTIES OF REACTOR MATERIALS, 627 p. 


REACTORS 


Vol. 


Vol. 
Vol. 
Vol. 
Vol. 
Vol. 
Vol. 
Vol. 


6 BASIC METALLURGY AND FABRICATION 


OF FUELS, 720 p. 


7 REACTOR TECHNOLOGY, 844 p. 
8 NUCLEAR POWER PLANTS, PART I, 584 p. 
9 NUCLEAR POWER PLANTS, PART Il, 538 p. 


10 RESEARCH REACTORS, 548 p. 


11 REACTOR SAFETY AND CONTROL, 608 p. 


12 REACTOR PHYSICS, 774 p. 


13 REACTOR PHYSICS AND ECONOMICS, 635 p. $18.50 Vol. 25 


PHYSICS 


Vol. 


Vol. 
Vol. 


Vol. 


14 NUCLEAR PHYSICS AND INSTRUMENTATION, 


492 p. 


15 PHYSICS IN NUCLEAR ENERGY, 476 p. 
16 NUCLEAR DATA AND REACTOR THEORY, 


744 p. 


30 FUNDAMENTAL PHYSICS, 342 p. 


La RY 
f 


S74 


$12.50 
$16.50 Vol. 17 


Vol. 18 


$18.50 


$15.00 Vol. 19. 


Vol. 20 


$16.50 Vol. 28 


$14.00 
Vol. 29 


$18.00 Vol. 21 
$19.50 
$14.00 Vol. 22 
$17.50 Vol. 23 
$18.50 
$15.50 Vol. 24 
$18.50 


Vol. 26 


$17.00 Vel. 27 


$12.50 
Vol. 31 

$18.50 

$10.50 Vol. 


For further information’ consult your bookstore or: 


Brochures available on request 


WASTE TREATMENT AND ENVIRONMENTAL 
ASPECTS OF ATOMIC ENERGY, 624 p. 

THE USE OF ISOTOPES: INDUSTRIAL USE, 
366 p. 

ISOTOPES IN RESEARCH, 296 p. 

BASIC CHEMISTRY IN NUCLEAR ENERGY, 
686 p. 

CHEMICAL EFFECTS OF RADIATION, 475 p. 


BIOLOGY AND MEDICINE 

HEALTH AND SAFETY: DOSIMETRY AND 
STANDARDS, 249 p. 

BIOLOGICAL EFFECTS OF RADIATION, 552 p. $14.50 

EXPERIENCE IN RADIOLOGICAL 
PROTECTION, 468 p. 

ISOTOPES IN BIOCHEMISTRY AND 
PHYSIOLOGY, PART |, 308 p. 

ISOTOPES IN BIOCHEMISTRY AND 
PHYSIOLOGY, PART II, 312 p. 

ISOTOPES IN MEDICINE, 460 p. 

ISOTOPES IN AGRICULTURE, 455 p. 

CONTROLLED FUSION 

THEORETICAL AND EXPERIMENTAL ASPECTS 
OF CONTROLLED FUSION, 390 p. 

32 CONTROLLED FUSION DEVICES, 462 p. 


$18.00 
$16.50 


$12.50 
$10.00 


$18.50 
$14.50 


$10.50 


$14.50 
$11.00 


$11.00 
$13.00 
$14.00 


$15.00 
$15.00 


UNITED NATIONS 
Sales Section 
New York 
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PRECISION 


At Willamette lron & Steel Company, the watchword 
in fabricating and machining is precision. 

A completely modern engineering and manufacturing 
facility coupled with proven experience in nuclear 
equipment manufacturing means: Precision tolerances 
to exacting specifications with absolute quality 
control. Among other specialties, Willamette offers 
wide experience in fabrication, heat treating and 
machining of all types of stainless steel, inconel, 

17-7 PH, and other exotic metals; lead pouring 


and gamma probing. 


Be sure to contact Willamette for contract engineering 
services in: 


1. Remote handling equipment. 

. Pressure vessels (to 50,000 psi) and containment vessels. 
. Fuel handling equipment. 

. Heat exchangers. (All mediums, including liquid sodium) 
. Complete primary coolant systems. 

. lead shielding. 

. Reactor internals, including core support and grid plates. 
. Remote gauging and alignment equipment. 


. Shop designing for unusual metals, including Inconel X, 
17-7, etc. 


10. Nuclear valves. 
11. Instrumentation and controls. 


Can ouab Wb 


Top photo: Optical tooling check of close tolerance 
fabrications — stainless steel —-Upper Grid Guide — 
Dresden Reactor. 


Middle photo: Top view, core support as- 
sembly — Dresden Reactor —stciniess steel -— 
sonic tested — precision machining. 


Lower photo: Bottom view, core support as- 
sembly — Dresden Reactor —stainless steel — 
egg crate construction —precision tolerances. 


m4 WILLAMETTE 


IRON & STEEL COMPANY 
- 2800 N. W. Front Avenue «+ Portland 10, Oregon 
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CRL manipulators... 
AS OBEDIENT AS YOUR HAND! — 


Slave ends of CRL Manipulators obey 
perfectly —duplicate the natural motions 
of the operators’ hands—make operation 
of the system amazingly simple. An oper- 
ator becomes perfectly adept with practi- 
cally no training. 

Simplicity of operation is only one of 
several reasons research and production 
organizations all over the world specify 
CRL Manipulators. The system is versa- 
tile. Accessories such as special-purpose 
tongs, load hooks, motion locks, and pro- 
tective booting allow adaption to a great 
variety of purposes. A continuous program 
of improvement . . . uncompromising work- 
manship . . . and standardized, interchange- 
able parts provide more reasons why you 
should consider CRL Manipulators for 
handling hazardous materials. 


Central Research Laboratories will be 


glad to advise you on the handling of Casteel Rh . 
radioactive materials, explosives, hazard- ates a : ome 
us chemicals, biological materials—in the panpenabere ape Seale 
Ad ? Argonne National 


layout of hot cells—in other research areas, : “ 
too. For complete information, write CRL ee oe laboratories, inc. 
today. Red Wing, Minnesota, Dept. 104 
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INew precision control 


for hazardous processes 








ad ae LEAR 


worn EP ARTRON 60 


Accuracy — within % degree. High frequency re- 
sponse — three times greater than those obtained 
with conventional electrical equipment. Self-con- 
tained —simple and easy to install, operate and 
maintain. Complete versatility — readily adaptable 
to all phases of industry. Operates on 115V, 60 


cycle power. 


LPS-60 RATED 125 IN. LBS. AT 12 R.P.M. 
OTHER SIZES AND RATINGS AVAILABLE 


For Complete Information About the Leartron 60 


Precision Remote Control ... write: 


INDUSTRIAL PRODUCTS 
ELECTRO-MECHANICAL DIVISION 
110 IONIA AVE., N.W.* GRAND RAPIDS, MICHIGAN 
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Concept of a 306 MW boiling water nuclear power plant, the result 
of a design study for the U. S. Atomic Energy Commission, sym- 
bolizes Ebasco’s competence in nuclear engineering and the company’s 
54-year reputation for outstanding quality in diversified engineering 


and construction work. 


Consulting Engineering + Design & Construction + Facilities Planning 

Financial & Business Studies + Industrial Relations + Insurance, Pensions & 

Safety - Purchasing, Inspection & Expediting - Rates & Pricing * Research 

Sales & Public Relations * Systems, Methods & Budgets * Tax 
Valuation and Appraisal +» Washington Office 
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The man who knows how to get ahead (and stay ahead) in 
business — gets his information and inspiration from the pages of 
his businesspaper. Nothing else you read is so filled with the news, 
the facts, the fresh ideas so vital to your success in business as 


the advertising and editorial pages . . . in your businesspaper. 





N ATION BY EHRE 


Where there’s business action, dene! $a 
businesspaper 


MIEN S soci 


One of 


. where there’s nucleonics business, there's 
i 


a series of advertisements prepared by the ASSOCIATED BUSINESS PUBLICATIONS 
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This is a space ship 
floor maker 


Sometime within the next several years, the 
first American will soar into orbit around the 
earth. He will be sealed in a small, cone-shaped 
space capsule mounted atop an Atlas missile. 
The missile will climb 100 miles in less than 
six minutes, where the capsule will disengage 
and go into orbit. The man will be alone in space. 

The vehicle for this historic voyage is al- 
ready in production, under the auspices of the 
National Aeronautics and Space Administra- 
tion’s “Project Mercury.” One of the possible 
methods of heat protection is a beryllium heat 
sink, forged on two giant steel dies. Both dies 
are USS Quality Steel Forgings. The top die 
(shown being rough-machined on one of our 
vertical boring mills) will be convex, 20 inches 
thick and will weigh 26,520 pounds. The bottom 
die, concave and 18 inches thick, weighs 27,700 
pounds. Both are 92 inches in diameter. 

The heat sink of the space capsule will also 
be its leading face when re-entering the atmos- 
phere. It will be traveling 18,000 miles per hour, 
subject to thousands of degrees of temperature 
and many times the force of gravity. Naturally, 
it has to have superb strength and heat-resist- 
ant characteristics. By the same token, the dies 
that shaped the capsule floor had to be perfect. 

After forging, both dies were subjected to 
preliminary heat treating and preliminary 
machining. Then came quenching and temper- 
ing. A battery of tests followed: ultrasonic 
inspection, tangential tensile tests, Charpy V 
notch impact tests, grain size tests, bend tests 
and magnetic particle inspection. Only then 
were the dies ready to take the incredible forg- 
ing pressure, exerted by the giant hydraulic 
closed-die forging press where the beryllium 
disc was formed. 

We invite your inquiries or requests for our 
free 32-page booklet on USS Quality Forgings. 
Just write United States Steel, 525 William 
Penn Place, Pittsburgh 30, Pa. 


USS is a registered trademark 


United States Steel Corporation — Pittsburgh 
Columbia-Geneva Steel — San Francisco 
Tennessee Coal & iron—Fairfield, Alabama 
United States Stee! Export Company 


United States Steel 
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Last year, traffic accidents killed 37,000, injured 1,400,000 


.--and they wasted Five Billion Dollars! 
Traffic accidents’ human toll is so tragic we sometimes overlook their 
staggering economic waste. Five Billion Dollars in lost wages, medical 


expenses, insurance costs and property damage! Your business—every 
business—shares in this loss. So you have a double interest in helping 
reduce traffic accidents. And you can help! Drive safely and obey the law 
yourself .. . certainly. But go further. Use your influence to promote safe 
driving and urge strict law enforcement. To make your efforts more effec- 
tive, join with others working actively to reduce traffic hazards in your 
community. Support your local Safety Council! 


7), 
bd 


Where traffic laws are strictly enforced, deaths go DOWN! 


Published in an effort to save lives, in cooperation with the National Safety Council and The Advertising Council. 
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Euratom’s 
first 
reactor 





























Designed and built by Allis-Chalmers, 
CNRN puts atoms to work for peace 


A-1207 


Evratom’s acquisition of the heavy- 
water research reactor designed and 
built by Allis-Chalmers for Italy’s Comi- 
tato Nazionale per le Ricerche Nucleari 
is the first step in a billion-dollar, ten-year 
program designed to speed the develop- 
ment of nuclear power in Europe. This 
facility demonstrates the far-reaching abil- 
ities of Allis-Chalmers in the nuclear re- 
actor field. 

Located near Ispra, Italy, this 5000-kw 
reactor is now leased to Euratom and 
represents an important step ahead in the 
development of Atoms for Peace. 

Noteworthy features of the CNRN re- 
actor include 20% enriched fuel . . . dual- 
loop cooling system which permits opera- 
tion at half power with one loop while 


the other is being serviced . . . facilities 
for isotope production. 


Allis-Chalmers was also responsible for 
technical supervision during construction, 
installation, pre-operational testing and 
start-up. The contract was initiated in 
October of 1956, and the reactor went 
critical in March of 1959. 


The CNRN reactor is another example 
of Allis-Chalmers unmatched capabilities 
and resources in the nuclear field. Whether 
your own plans are at the “talk-about” 
stage or ready for blueprints and esti- 
mates, you should get better acquainted 
with what Allis-Chalmers can offer. A new 
brochure gives complete details. Write 
Allis-Chalmers, Atomic Energy Division, 
Milwaukee 1, Wisconsin. 


OTHER ALLIS-CHALMERS REACTOR PROJECTS INCLUDE: MIT research reactor” Test and research reactors 
for Sweden and the Netherlands * Radiation effects reactor for USAF * Elk River and Pathfinder boiling water 
power reactors * experimental gas-cooled reactor for AEC. 


ALLIS-CHALMERS 
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NUCLEAR 
REVIEWS 


from 


NUCLEAR-CHICAGO 


This handsome little still life illus- 
trates the high quality and variety 
of radioactive carbon reagents 
now available from us for your re- 
search work. Today we offer over 
250 different carbon-14 com- 
pounds, and dozens of phos- 
phorus-32, sulfur-35, and tritium 
compounds. All are listed with 
prices and package sizes in our 
chemical catalog “Schedule E”’ 
In this new 20 page schedule 
you'll also find high intensity 
beta and gamma sources, refer- 
ence sources, radioactive stand- 
ards, and source kits. If you’re 
interested in radioactivity you'll 
want a copy. It’s absolutely free 
and there’s no obligation. If you 
don’t have a copy of our General 
Catalog R to go along with the 
“Schedule E;’ ask for that, too. 
This illustrates and describes all 
of the radioactivity measuring in- 
struments made by us. 


ADVERTISEMENT 


RADIOISOTOPES 
SAVE INDUSTRY $$ 


Companies investing in radioiso- 
topes, either for process control or 
research, averaged more than an 
eight-fold return on their money 
according to a recent NICB re- 
port. Biggest savings were re- 
ported by the chemical and 
petroleum industries where 
$500,000 invested brought a 12- 
month savings of more than 
$8,000,000. The report pointed 
out that although returns were 
juicy, only a small number of 
companies use radioisotopes. 

We think it will pay you to in- 
vestigate the uses of radioisotopes 
in your research laboratories. To 
help familiarize you with the 
ways isotopes are being used prof- 
itably today, we have prepared a 
series of Technical Bulletins. Six 
have been completed. They de- 
scribe common process applica- 
tions of radioactivity such as mix- 
ing evaluation studies, and re- 
view laboratory applications 
including isotope dilution analy- 
sis, paper radiochromatography 
techniques, and radiometric an- 


alysis. Why don’t you write ask- 
ing us to send you the first six 
Technical Bulletins? Read them, 
and if you think they are helpful 
we'll gladly put your name on 
our mailing list to receive them 
regularly. They’re meaty, short, 
and (we think) stimulating. The 
cost? Only a postcard. 


eS 2 
LEAKY PIPES? 


Radiant heating systems are 
nice, but when they start to leak, 


it can be mighty hard to find the 
trouble. We were called in re- 
cently to help locate a leak some- 
where in 2640 feet of pipe in an 
elementary school. The pipes, 
embedded 6” in concrete, ran up 
and down the halls, under walls 
and furniture. Several previous 
attempts to find the leak were un- 
successful and had left ugly torn- 
up floor areas. 

In cooperation with a plumbing 
contractor, we drained the 160 
gallon system, then pumped into 
the empty system another 160 gal- 
lons of water made slightly radio- 
active with radiosodium-24. The 
entire floor area was then moni- 
tored with Geiger and scintilla- 
tion detectors. The general area 
of the leak was located within 
30 minutes. Standard Nuclear- 
Chicago instruments were then 
used to pinpoint the leak within 


14 inch. A couple of tiles were re- 
moved, the pipe exposed and re- 
paired. Probably to the disap- 
pointment of the small fry, the 
whole job was completed on a 
Saturday afternoon. 

Although we’re not in the plumb- 
ing business, we’ll be glad to for- 
ward any inquiries you may have 
on this application to our plumb- 
ing friends who now have author- 
ization from the AEC to conduct 
these tests. Other process or re- 
search applications of radioiso- 
topes we'll be happy to handle 
ourselves. 


‘ nuclear-chicago 


PBSCORPORATION 
345 HOWARD AVENUE + DES PLAINES, ILLINOIS 
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'S to get maximum 


Insist that the corrugated bellows be hydraulically formed. The 

reason is simple. Whenever bellows are formed by circumferen- 
tial welding . . . whether by edge, seam or fillet welding . . . they will 
always be subject to premature failure because of stress concentra- 
tions at the welds. 


3 Demand proof that the manufacturer can produce longitudinal 
welds in the corrugated bellows having the same strength, 


physical properties and thickness as the parent metal . without 


grinding. A weld that is hard to find is a ground weld. Variations in 
weld thickness set up points of stress concentration .. . opening the 
way for premature failure. 


At Zallea, none of the many factors affecting expansion 
joint reliability are left to guesswork . . . including the 
four vital ones above. 

This is reflected in these facts. Zallea material specifica- 
tions are the most exacting in the industry. Zallea expan- 
sion joints are hydraulically formed. Zallea advanced 
welding techniques insure welds having the same thick- 


reliability in expansion joints 


Be sure the manufacturer maintains a continuous and compre- 

hensive program of endurance testing. This is basic, because of 
the many variables that affect expansion joint life. Accurate deter- 
mination of expansion joint life expectancy can only be determined 
by cycling to destruction. 


4 Check the ability of the manufacturer to supply a team of 

competent design and application specialists to work with your 
engineers. Check their specific experience in handling critical, com- 
plex applications in your field . . . complete to the record of successes 
or failures behind them, and details of how this experience will be 
brought to bear on your problem. 


ness, strength and physical properties as the parent metal. 
Zallea has done more cyclic testing to destruction than 
all government agencies and industrial firms combined. 
Zallea has produced more expansion joints than any other 
manufacturer offers more application engineering 
experience. 

For all the facts, write for Catalog 56. Zallea Brothers, 
Taylor and Locust Streets, Wilmington 99, Delaware. 


for maximum reliability 


ZALLEA BROTHERS, Wilmington 99, Delaware + World's largest manufacturer of expansion joints 
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range of 
laboratory 
CGgenting 


These low-priced, space-saving units give full oper- e q U p ea mom ane 
ational accuracy, flexibility in application, and sim- 
plicity of maintenance. Details of the first three 
units - the Scaler Type 1800, H.V. Supply Type 1820, 


» 
and Amplifier/Selector Type 1830 are given here. . 1800 SERIES 
Watch for details of the Pre- 
scaler 1850, Ratemeter 1810, 


Potentiometer 1840, and 
Timer Unit 1860. 


THE ‘1830' AMPLIFIER- THE ‘1820’ H.V. SUPPLY 


SELECTOR 
: Voltage and Current output: 
Amplifier: (Positive only). 


Gain: x 5: x 200: x |,000 
Input Impedance: | My. Range |: 250 to 1,000 volcs. 
Rise Time: 250 m u sec. 0.3 mA. 

Stability: 1% Range 2: 500 to 2,000 voits 
Discriminator/Selector: 0.1 mA. 
Threshold: Stability: (For Mains change 

(variable) 5 to 50 V +5% to —15%: 0.25%) 

Stability: + 0.25 V Maximum ripple (peak to 
1 peak): 50 mV 
Channel Width: 

(variable) 1-50 V Controls: Coarse: “off”. “range 

Stability: + 0.25 V 1". “range 2”. Fine: continuous. 








- THE ‘1800° SCALER 


BL | ie 
M ij iit | | | Count Capacity: 99,999 counts 
covveneeeneeenenananaaenerrnenastertnnnal da 
sssevesnscenessvecsseennensneecaes Max Count Rate 4,000/sec. 





A ye 


“ml (evenly spaced pulses) 
AUUOUCDHUADONAAENHAOEEN UE LRSAO DENA TNA HOSED AEH 


Resolution Time: 275 sec. 


Input Sensitivity: 5 volts + ve. 


| | 4 
‘ Input Impedance: .01uF into 470k. 


UMM 
PAM 
Write for details to ; 
ISOTOPE DEVELOPMENTS LTD 


BEENHAM GRANGE, ALDERMASTON, WHARF, Nr. READING: BERKS. 
Telephone: Woolhampton 2121. Telegrams: Devisotape Woolhampton. 
London Office: 120 Moorgate, London, E.C.2 Telephone: Metropolitan 964! . 
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High-Purity Water Made Possible 
with Nalcite lon Exchange Resins 





Dresden Boiling Water 
Reactor System 

has Unusual 
Demineralization Needs 


Water purity in a degree not even considered 
a few years ago is required at the Dresden 
Plant of Commonwealth Edison Company in 
Northern Illinois. Nalcite lon Exchange Resins 
have been chosen for the condensate high flow, 
reactor cleanup, and waste treatment demin- 
eralization units, one of which has an unusual 
system for removal, regeneration and re-place- 
ment of exchange resins. 


Condensate High-Flow Demineralizer 


2,800 gpm condensate, returning to the reactor 
from the turbine condensor, passes through the 
primary system demineralizer at flow rates of 
70 gpm/sq. ft. of bed area. This demineralizer 
is designed to remove more than 1,000 lbs. of 
dissolved and suspended impurities from the 
condensate each year. 


Resin Removed for Regeneration 


To prevent cross-connections between the re- 
actor and regeneration piping, equipment was 
developed for external regeneration of the ion 
exchange resins. This is accomplished by semi- 
fluid pressure transfer. 

Nalcite HCR-W and SBR-P in the primary 
condensate demineralizer have the high degree 
of sphericity and ion exchange ability essential 
to high flow rate service at minimum pressure 
drop. They also have the resistance to attrition 
which permits resin transfer from the demin- 
eralizer to separate regeneration units and 
back, repeatedly . . . without measurable bead 
breakage. 


Reactor Cleanup Demineralizer 


The reactor cleanup demineralizer on the re- 
turn side of the secondary steam generator sys- 
tem handles 200 gpm condensate at 1000 psi, 
120° F. On-line and standby tinits have flow 
rates of 10 gpm/sq. ft. of bed area. Exhausted 
resins are radioactive, and are replaced with 
new resins, rather than regenerated. 


Waste Treatment Demineralizer 


Radioactivity in wastes is concentrated by the 
waste treatment demineralizer. Exhausted 
resins are radioactive and are sluiced from the 
units and prepared for disposal. 
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Simplified diagram of the Dresden Boiling Water Reactor steam 
condensate system. Nalcite resins are used in condensate high 
flow, reactor cleanup and waste treat t demi lizing units. 








Make-Up Water Demineralized 


Very small quantities of make-up water are re- 
quired, due to painstaking design to eliminate 
condensor leakage, and other system losses. 
Conventional demineralizers, followed by 
mixed-bed polishers, provide make-up water. 


Ideas for the Future 


While operating temperatures and pressures at 
the Dresden Plant are nominal in modern 
steam generation practice, the special require- 
ments for high flow and water purity from de- 
mineralizers in the steam-condensate system 
may have practical application outside nuclear 
reactor technology. It is significant that Nalco 
had ready, in Nalcite HCR-W and Nalcite 
SBR-P, ion exchangers which make possible 
these unusually severe ion exchange applica- 
tions. 


Ideas for Today 


For busy engineers and technical men, Nalco 
has prepared concise data on water condition- 
ing with Nalcite cation and anion ion exchange 
resins: Bulletins Z-12 and Z-13, free on request. 
If you want fast action on a specific water 
treating problem, Nalco experts are available 
on short notice. Call or write. 


NALCO CHEMICAL COMPANY 


lon Exchange Division 
6216 West 66th Place Chicago 38, Illinois 


Subsidiaries in England, Italy, Mexico, Spain, 
Venezuela and West Germany. In Canada: 
Alchem Limited, Burlington, Ontario. 

+++ Serving Industry through 


Practical Applied Science 
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To new members of the 
Stecial Tutroductory Offer CHEMICAL ENGINEERS’ Book Club 


(GOOD FOR LIMITED TIME ONLY) 
WITH YOUR FIRST SELECTION R ‘citiiilin tiani 
AND CHARTER MEMBERSHIP $5.00 TO $12.50 


Publisher's Publisher's Publisher's 
Price, Price, Price, $8.75 
$12.50 ; $6.00 Club Price, 

Club Price, Club Price, $7.45 

$10.65 $5.10 











Nuclear Engineering, Edited by C. F. Compact Heat Exchangers by W. M. Modern’ Instruments in Chemical The Properties of Gases and Liquids 

Bonilla. Special engineering methods Kays and A. L. London. A summary Analysis by F. M. Biffen and W. Sea- by R. C. Reid and T. K. Sherwood 

and theory for solving nuclear power of basic heat transfer and flow fric- man. Shows how to select and use Tested methods for estimating and 

design problems. tion design data, instruments for maximum accuracy. correlating important physical prop- 
erties. 


Publisher's Publisher's 
Price, Price, 
$7.00 $9.00 

Club Price, Club Price, 
$5.95 $7.65 


Operational Mathematics, 2nd Ed. by Modern Physics for the Engineer, Mathematics and Computers by G. R. 
R. V. Churchill. Sound treatment Edited by L. N. Ridenour. Examines Stibitz and J. A. Larrivee. How MHeimer. Aid your engineering future 
of workings of subject and how and foundations of physical science on modern computers are solving prob- with these practica management 
when to use integral transformations. which modern engineering is based. lems for the scientist, engineer, and methods. 

businessman. 


How many of the"books shown here do you wish you had immediately at hand? 


Select one AS A GIFT! Choose from Nuclear twelve months there will be at least three you Send no money now. Just check any two 
Engineering, Compact Heat Exchangers, Manage- would buy anyway. By joining the Club you save books you want—one FREE and one as your first 
ment for Engineers, and five other <ahealile yourself the bother of searching and shopping, Club selection—in the coupon below. ake ad- 
ooks . . . your introduction to membership in and save in cost about 15 per cent from pub- vantage of this offer now, and get two books 
the Chemical Engineers’ Book Club lishers’ prices. for less than the regular price of one. 


Management for Engineers by R. C. 


If you’re missing out on important technical 
literature—if today’s high cost of reading curbs 
the awk of you ay nas the solution 
to your problem. The Chemical Engineers’ Book S 
Club was organized for you, to provide an eco- THIS COUPON 1S WORTH UP TO 
nomical technical reading program that cannot 
fail to be of value to you 


ee ee en, oa ae aes — The Chemical Engineers’ Book Club FNU-12 Check 2 books: We will send the 
y quali itors anc . 

consultants. Their thoroughgoing understanding ag ne Sues Caeeh, View Toe Shy O. ¥. : — ,  figher priced beek os your PRES 
of the standards and values of the literature in Please enroll me as a member of the Chemical Engineers book: 
your field guarantees the authoritativeness of the Book Club. I am to receive my FREE book along with MF pe! P . 
selections. : Pe! first selection, both checked at the right. by will Nuclear Engineering, $10.65 

. bill me for my first selection only at the special club price, ~ 
plus a few. additional cents for delivery costs. (The Club —Compact Heat Exchangers, $5.10 
assumes this charge on prepaid orders.) Forthcoming se- Modern Instruments in Chemi- 
wpeGous will ee poames =e in advance oth may cal Analysis $7.45 
year). This gives complete advance notice of the ecline any book. need take only three selections or T . 
es ieotlen. as well as a number of alternates in 12 months of membership. The Properties of Gases and 


How the Club operates. Every second month | 
! 
I 
alternate selections. If you want the main selec- | PRINT Liquids, $8.50 
| 
| 
l 
1 
| 
l 


you receive free of charge The Chemical Engi- 
neers’ Book Club Bulletin (issued six times a 


tion you do nothing; the book will be mailed to —Operational Mathematics, $5.95 
you. If you want an alternate selection . . . or 

if you want no book at all for that two-month 
period ... notify the Club by returning the 
form in the envelope enclosed with your Bul- 
letin. 


Address —Modern ‘on for the Engi- 


neer, 


Company —Mathematics and Computers, | 


: $4,25 
If not completely satisfied, you : 
NO RISK GUARANTEE may return your first shipment —Management for Engineers, i 
within 10 days and your membership will be canceled. $5.90 FNU-12 


We ask you to agree only to the purchase of 
three books in a year. Certainly out of the large 
number of books in your field offered in any 


58 December, 1959 - NUCLEONICS 








Uniform Wall Elbows 

Only Key-Kast Elbows meet all 
requirements for both strength and 
flexibility. Because Key-Kast walls 
are of uniform cross section through- 
out, Key-Kast is more flexible than 
conventional cast graduated wall fit- 
tings and the flexibility factor is con- 
stant throughout the fitting. Walls 
are approximately 15% heavier than 
the required minimum thickness of 
pipe walls of the same I.D. 

The flexibility of Key-Kast Elbows 
permits their use in piping systems 
based on the unusual piping stress 
calculations. Write for engineering 
bulletin No. 345 entitled “Key-Kast 
Welding Elbows in Piping Stress Cal- 
culations” and for W-K-M’s Quality 
Control Specifications No. 103058 
for nuclear power. 


Key-Kast 22” elbows at Commonwealth Edison’s new Dresden Nuclear 
Power Station near Chicago. The nation’s largest all-nuclear power 
plant has 42 Key-Kast Fittings. Prime Contractor: General Electric Co. 
Engineer-Constructor: Bechtel Corporation. 


KEY-KAST. elbows will carry 
steam at big nuclear installation 


KEY-KAST Uniform Wall Austenitic Steel Elbows are the 
first cast welding fittings to be used in an all-nuclear power plant. 

Quality controlled through the most rigid metallurgical pro- 
duction and testing standards, Key-Kast Fittings meet ASTM 
specifications, and ASME and ASA code requirements. 

Call your Key-Kast representative for prompt, experienced 
service in selecting the Key-Kast Fittings best suited to your job. 
Available in all standard shapes, sizes and schedules . . . or 
specially designed to meet specific conditions of pressure, tem- 
perature and lading. 


Products of W-K-M’s Cretitive Engineering 


pivision or QCf inoustries ; 


INCORPORATED 


P.O. BOX 2117, HOUSTON, TEXAS 





Graphite 


Machined or unmachined 


Moderator or refiector 


Density 1,60 to 1,75 g/cm? 
Cross-section 3,8 to 4,5 mb 


PECHINEY Division Applications Atomiques 
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help to shape your atomic future 
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It takes more than a pioneering spirit to build 
atomic vessels. CB&I’s pioneer vessel, an atom 
smasher for the University of Minnesota, was 16 
years old when we completed the “Big Sphere” 
— 225 feet in diameter — for Knoll’s Atomic 
Laboratory. Since then, 9 additional steel re- 
actor housings have been completed, or are 
under construction, by CB&I. 


These years of research, together with engi- 
neering, fabrication and erection for the atomic 
industry, have brought new experiences... 
even to a company with seven decades of crafts- 
manship in steel. 


CB&I’s experience can be of great value to 
firms which rely on precision-engineering struc- 
tures. It will pay you to learn more about CB&l’s 
coordinated services. Write our nearest office 
for the brochure: Craftsmanship in Steel. 


THE DRESDEN SPHERE a new sound-color film traces fabrica- 
tion and erection of a 190-foot sphere. Showings will be 
arranged upon written request. 


Chicago Bridge & Iron Company | oo ne ag 


Atlanta + Birmingham « Boston « Chicago » Cleveland + Detroit * Houston * Kansas City (Mo.) 
New Orleans * New York Philadelphia Pittsburgh + Salt Lake City LAGCONA BEACH, MICH. 
San Francisco * Seattle * South Pasadena « Tulsa FT. GREELY, ALASKA 
Plants in Birmingham « Chicago * Salt Lake City + Greenville, Po. « New Castle, Delaware CAMBRIDGE, MASS. (M.1.T.) 
SUBSIDIARIES: ; vr. EX 
Horton Steel Works Limited, Toronto; Chicago Bridge & Iron Company Ltd., Caracas; LIVERMORE, CALIF. 
Chicago Bridge Limited, London; Chicago Bridge Construcoes Ltdo., Rio de Janeiro 
REPRESENTATIVES AND LICENSEES: ROWE, MASS. 
Australia, Cuba, England, France, Germany, Italy, Japan, Netherlands, Scotland DAYTON, OHIO 


ELK RIVER, MINN. 
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THE /5///°2SS7/ ALL TRANSISTORIZED ANALOG COMPUTER 


— basic model less than $4000 


PACE’ TR-10 Eliminates Drudgery— Gives New Insight Into Engineering Problems 


This compact unit, 15” x 16” by 24” high, is powered by 115 
volts AC and can provide day-in day-out instant solution of 
your most vexing engineering problems. Even if you have 
never seen a computer before, you can learn to operate the 
TR-10 as easily as you learned to use a slide rule. 


Simply turn a dial to feed in design parameters, and the 
computer provides an instant by instant, dynamic picture of 
the effect of each change. You can study the inter-related 
effects of heat, pressure, flow, vibration, torque or any vari- 
able, and visually compare one with the other. Engineering 
data comes alive — insight into how new designs will work 
is obtained easier, faster. 

Because of its minimum size and low price, the TR-10 can 
become your own personal analog computer. You gain first- 
hand experience with the power of analog techniques, and 
convert more of your time to creative engineering. New 
ideas that were too costly to try before are now practical. 
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You can design virtually to perfection and have a permanent, 
visual record of performance before building pilot models or 
prototypes. As a result, “cut and try” expense is reduced. 


The same quality workmanship and design that has made 
Electronic Associates the world’s leading producer of pre- 
cision general purpose analog computers will be found in 
this new unit. Accuracy to +.1 per cent. Modular construc- 
tion allows you to select varying quantities of the following 
computing functions: summation, integration, multiplication 
or division, function generation, parameter adjustment, 
logical comparison. 


For complete engineering data, write for Bulletin R-10-K 


ARI i: NR eRe 
EA ELECTRONIC ASSOCIATES, INC. 
Long Branch, New Jersey 
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Send for this catalog today! 


NOW. ..@ Rew, efficient way to remotely TRANSPORT OBJECTS - TRANSFER MOTION 


Looking for a way to remotely perform me- 
chanical action in a reactor? This new catalog 
tells and shows you how—with highly accurate 
mechanical remote control systems by TELEFLEX 
Incorporated. You can efficiently transport 
objects for remote positioning. And you can 
transfer motion for remote control at inac- 
cessible locations—economically, and without 
expensive downtime or personal hazard. 


i 
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TELEFLEX Systems use exclusive helical cable and specially 
hobbed drive wheels for... 
Control Rod Drives—at half the cost of other drives. 


Instrumentation Positioning Drives—to accurately position detecting 
elements at any distance. 


Source Drives—to move the source from storage container to core 
for reactor “start up”’. 


Valve Controls—any valve, in any location, at high temperatures. 


Special Mechanisms—TELEFLEX can design a system for any specific 
remote control problem in the nuclear industry. 


All of the operating and design advantages of TELEFLEXx Systems are 
contained in this new catalog. Mail coupon below for your copy. 


=O TELEFLEX® iconronare 


Nuclear Products Division, North Wales, Penna. 
Please send the TELEFLEX Nuclear Catalog to... 
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Refuels with 


SYLCOR 
Elements 


Fuel box (without end castings): 
27” x 2.844” x 2.896” 

Over-all length: 33.625” 

Outside plates: 27.040” x 2.775” 
x 0.030” 

Inside plates: 23.030” x 2.775” 
x 0.030” 

Space between plates: 0.133” 

38 elements, 18 plates per element 


'SM-1 is a prototype of reactors designed for use in 
rT locations where it is difficult and costly to 


supply coal and oil. It is notable among low-power 


_feactors because complete reliability in operation 


must prevail with minimum maintenance facilities. 
New fueling is planned for late 1959 and SYLCOR 
is under contract to ALCO Products, Inc., builder and 
operator of the pliant, to make the fuel elements... 
the first award to a commercial firm for the fueling 
of an Armed Forces “‘Package Power’’ reactor. 


Unique technological and production skills permit 
SYLCOR to meet the contractor’s rigid specifications 
concerning water-gap spacings, surface characteris- 
tics, construction and assembly. 


The SYLCOR fue! elements will consist of 18 plates 
Of UO,-stainless stee! core clad in stainless steel, 


\ 


a 
* 
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and are among the first to incorporate a dispersed 
burnable poison (Boron Carbide). 


Two recent SYLCOR developments warrant your 
study in designing or fueling nuclear power plants: 


1. Standard Fuel Elements: Data sheets and 
detailed drawings are available on four 


types. 


2. The SYLCOR “Package Fuel’’ Plan: Send 
for complete information. 


Write also for “Nuclear Fuels: Key to Reactor Per- 
formance’”’ and “‘Physical and Engineering Properties 
of Materials for Nuclear Fuel Elements.’”’ Sylvania- 
Corning Nuclear Corporation, Bayside, Long Island, 
New York. 


CORNING 


NUCLEAR CORP. 
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Construction of the Dresden nuclear 
power plant was completed on October 
1, 1959, exactly the target date set 
early in 1956 (and six months ahead of 
the date specified in the contract with 
Commonwealth Edison). The General 
Electric Co. and its subcontractor, 
architect-engineer Bechtel, took a 
total of only 30 months to carry 
out the job of putting together the 
largest nuclear power station built so 
far in the U. 8. 

When nuctreonics asked Dresden 
project leaders how they did it, they 
referred to the advantages of a ‘‘turn- 
key” contract, good union-labor rela- 
tions and favorable weather at the site 
and concluded with the observation 
that everything had gone ahead accord- 
ing to plan so that there was no diffi- 
culty in meeting the target date. 
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True enough, the contract with 
Commonwealth, which gave GE the 
final say on all plant design and 
construction matters, reduced the 
number of signatures required to get 
things done (NU, Nov. ’59, 23); the 
smooth relations between Bechtel and 
the construction workers’ unions meant 
that not a single day’s work was lost 
because of union disputes; the winter of 
remained obligingly mild 
while Chicago Bridge and Iron was 
welding together the giant containment 
sphere. Obviously the most funda- 
mental reason, however, behind Dres- 
den’s right-on-schedule completion is 
that when construction started on 
March 1, 1957, GE engineers knew 
exactly what reactor they wanted to 
build and, in collaboration with their 
subcontractors, had made thorough 


Dresden construction experience has shown that the job of assem- 
bling a full-scale nuclear power station, although not yet routine, 


can be kept on a schedule as firm as those for conventional plants 


plans on how to build it. 

Experience with the Experimental 
Boiling Water Reactor and GE’s own 
Vallecitos reactor had already removed 
many question marks about the major 
design features of boiling-water reac- 
tors. On the questions that remained 
the project engineers had enough head 
start with their supporting develop- 
ment work to supply definite answers 
for those problems which might have a 
serious influence on plant-construction 
schedules before the schedules had to 
be frozen. With the worry removed 
that major design changes could come 
along to upset everything, the plans for 
building Dresden could be laid out in 
advance. 

Typical of this planning, the major 
target dates for the construction phases 
were spelled out a full year ahead of the 


65 








Completing the con- 
struction and beginning the 
nuclear testing at Dresden 
marks a milestone in the 
nuclear power industry. 
It is not only the first full- 
scale boiling-water reactor 
power plant to be com- 
pleted; it is the largest nu- 
clear power reactor of any 
type authorized for con- 
struction in the United 
States. 

The completion of Dres- 
den will mark the end of a 
long background of design, experimentation, and training, 
as well as construction. 

Commonwealth is proud of the way that the schedule 
has been maintained. Not only was the construction work 
scheduled from the beginning, but all of the research and 


By T. G. LeCLAIR 
Manager, Research & Devel 
Commonwealth Edison Co. 


development work and the decisions as a result thereof 
were carried out on a fixed schedule. In order to obtain 
the target construction date, early decisions were made on 
the critical items of design controlling initial construction. 
For example, the decision to use the steel sphere 85 % above 
ground instead of having the reactor completely below 


Dresden from the 


ground, or somewhere in between, was made at the earliest 
possible date. The decision to go to a steam pressure of 
1,000 lb on the primary side and to use heat exchangers 
instead of the flash tank were also made early enough so 
that the physical design of the plant could be carried out 
at the same time as detailed research on such items as con- 
trol-rod drive. 

Stepping into a new field, such as Dresden and the nu- 
clear power industry, always entails major policy decisions. 
There is much similarity between Dresden and the first 
steam turbine station constructed at our Fisk Station in 
Chicago in 1903. The first Fisk steam turbine was less 
efficient than the reciprocating engines which it replaced, 
but the project was undertaken because of the realization 
that steam turbines were a necessary future development. 
That project, too, was a joint venture between Common- 
wealth and General Electric. 

The prime objective of Commonwealth, General Elec- 
tric, and Nuclear Power Group is to make Dresden a safe 
and dependable nuclear power plant that can operate at a 
high load factor as a regular part of the power system. It 
is recognized that the initial cost of power will be higher 
than that from coal. However, in the first years of oper- 
ation, experience will show the way to produce more eco- 
The target is 
to obtain power from Dresden at a cost, not including the 


nomical fuel for later loadings in this plant. 





start of construction (or three months 


after the contract was signed). To 
meet these dates, the project manager, 
with the help of his team of expeditors, 
set up and enforced a rigid timetable 
for all the equipment, materials, and 
services that were to become a part of 
the Dresden plant. The master sched- 
ule during construction typically listed 
more than 1,000 tasks coordinated with 
respect to time and manpower. Every 
piece of plant equipment had its place 
on this list as well as such things as the 
areas where concrete was to be poured, 
reinforcing steel installed or electrical 
wiring laid. 

Even component-development work 
that continued in parallel with the 
construction had its place on this time- 
table. This included proof testing of 
the control-rod-drive, fuel-handling, 
hydraulic and fuel-rupture systems, 
some critical experiements and _per- 
formance tests of the fuel elements in 
the VBWR. In 
testing was scheduled for completion in 
time to deal with any possible outcome 
without endangering construction 
progress. 

The only significant change in design 
to result from the parallel test program 
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each instance the 


was in the fuel-rupture location system. 
In March, 1959 proof tests at Vallecitos 
of the “ 
tem* originally intended for Dresden 


sponge” rupture location sys- 


would need more time for refinement 
than could be allotted for this part of 
the system. GE decided to replace 
this system with a more conventional 
sampling system in which tubes sample 
the coolant coming from each fuel 
element. 

To make this switch at this stage of 
the construction, GE had to replace an 
18-in. flange on the pressure vessel and 
stainless tubes into the 
hydraulic flow vane at the core inlet; 


run some 


but by doing this work on overtime no 
construction time was sacrificed. 


Erecting the Sphere 


The first job on the Dresden con- 
struction schedule was putting up the 
Only after this 
structure was in place could work go 


containment sphere. 


ahead on assembling the reactor itself, 
the rest of the primary loop, and the 


* The sponge system would use a filter or 
sponge material to collect the rare gases 
from each element; the sponge would then 
be checked for radioactivity. GE does not 
plan to discard this concept but feels it 
needs more development. 


other parts of the nuclear steam system 
situated in the sphere. 

It took from March until June to dig 
the excavation and lay the foundation 
for the sphere. Next came the biggest 

welding together the 
3,500 tons of steel plate that make up 
globe. The schedule al- 
lowed ten months for this operation. 
Chicago Bridge and Iron started work 
at the site on June Ist of 1957 and 
completed April 1, 1958—exactly on 
schedule. That the sphere was put 


part of the job 


the huge 


together this quickly was largely the 
result of automatic-welding and plate- 
handling developed by 
CB & I out of its experience in building 
the containment shell at West Milton. 

CB & I’s erection facility included: 


techniques 


® 50-ton guy derrick 

Concave tilt table and convex tilt 

table 

X-ray stand 

100-ton guy derrick erected on a 

200-foot structural tower 

Portable dark room 

The plate arrived at the site in 
10-ft < 30-ft sections. Four sections 
at a time were aligned together on the 
special concave positioning table that 
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Operator’s Viewpoint 


$15,000,000 for research and development, that approaches 
the cost of power from coal-fired plants of the vintage of 
1955. 

All of us believe that the basic boiling-water design can 
be further simplified and improved to the point where it 
will become competitive with power from coal in future 
plants. We recognize that the first plant had to be con- 
structed and operated in order to learn how to build plants 
which will achieve this goal. If Dresden accomplishes 
this purpose, its owners, the sponsoring companies, and 
General Electric will be more than satisfied with the results 
obtained. 

Operation of a nuclear power plant is naturally quite 
new to a utility organization. Nevertheless, Common- 
wealth has made every effort to fit its operating organiza- 
tion to the standard pattern of a conventional power plant. 
The basic organization is the same as that used for a large 
coal-fired plant with a centralized control room, similar to 
the centralized control room for Dresden. It has, of 
course, been necessary to add the positions of Nuclear 
Engineer, Radiation Protection Engineer, and similar jobs 
that are allied to this special project. On the other hand, 
it is not necessary to have a coal-handling organization. 
The net result is that Dresden uses about the same number 
of men used for a coal-fired plant of the same size. 

The Plant Superintendent, the Shift Superintendents, 


and nearly all of the Dresden personnel were chosen from 
our conventional plants on a highly selective basis. It 
was, therefore, necessary for all of these people to have 
thorough training in the nuclear phases of the business 
before they would be capable of operating the plant. The 
Assistant Superintendent had been in the NPG study team 
since 1954 and had been on loan to Argonne Laboratory to 
work on both the BORAX reactors in Idaho and the 
EBWR at Argonne. Personnel engaged in specialized 
work, such as the Nuclear Engineer, Chemical Engineer, 
and Radiation Protection Engineer, took special courses to 
become proficient in their respective fields. All of the 
shift engineers had assignments to operate either the 
VBWR at Vallecitos or the EBWR at Argonne to acquire 
experience in operating a reactor. The magnitude of this 
effort can be illustrated by statistics showing the total 
time spent in training prior to loading of the reactor. This 
total will aggregate 11 man-years of classroom instruction 
and 35 man-years of field training and operating experience. 
The cost of this program to Commonwealth Edison is about 
$1,000,000. The maximum training was that received by 
the Assistant Station Superintendent which spread over a 
period of five years and the minimum by any of the oper- 
ators will be about six months. This training will, of 
course, continue while General Electric is responsible for 
the startup operation. 





could be tilted to make the plates fit 
together into a perfect spherical sec- 
tion. (Similar “tilt tables” are in use 
on other containment-shell jobs in this 
country and in the U. K.) An 
automatic welding machine (see Fig. 1) 
then joined the plates together on the 
concave side. The derrick flipped the 
four-plate subassembly over on to the 
companion convex tilt table where a 
welding machine completed the joint 
on the convex side. From this point 
the sub-assemblies were transferred to 
the X-ray stand where all seams were 
X-rayed. The subassembly was then 
hauled up and welded manually into its 
place on the sphere using a low hydro- 
gen rod with a small amount of pre- 
heat. Again all welds were X-rayed 
using portable X-ray equipment. 

With this procedure CB & I was able 
to complete three fourths of the weld 
footage on the ground with automatic 
welding equipment. This paid off not 
only in time but also in weld quality. 
The complete inspection of all welds by 
the portable X-ray found that less than 
1% of the total footage required repair. 

Other factors that speeded erection 
of the sphere were the mild weather 
during the winter months and the 
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location of the site in Chicago Bridge 
and Iron’s home territory (which meant 
CB & I could use its own force of 
experienced welders and _ erecters). 
The job was carried out by a 90-man 
crew working on two shifts. 

As soon as the sphere was together, 
the proof tests on it began. With the 
permanent openings temporarily closed 
off, the vessel was tested for integrity 
at a pressure of 37 psig (1.25 times the 
design pressure). Following this, the 
leakage rate of the sphere was measured 
during a period of 36 hours with the 
sphere held at design pressure (29.5 
psig). Engineers determined the leak- 
age rate by comparing the sphere pres- 
sure with the pressure in a sealed refer- 
ence system installed within the sphere 
(NU, Aug. 757, 66). They observed 
a leakage of 0.02% of the contained 
volume per 24 hours; this value is close 
to the limit of accuracy of the measure- 
ment and is }45 of the allowable value. 


Installing the Reactor 


So far the construction effort had 
produced a 190-ft containment sphere, 
which had been demonstrated to be air- 
tight but which was also completely 
empty. Standing outside, or sched- 


uled for shipment from points scattered 
around the country, were some 1,000 
tons of reactor components, piping and 
concrete which had to somehow all be 
transferred inside the sphere and 
assembled into a working plant. 

GE’s solution was to cut two large 
temporary-access holes (one 22 ft 
29 ft and the other 24 ft in diam) in the 
shell and to pass all the materials and 
equipment through these. This “ship- 
in-the-bottle”’ procedure was one of the 
chief things that made the construction 
of Dresden more difficult than that of, 
say, anoilrefinery plant. Forexample, 
because of the sphere, riggers could not 
use conventional booms to install 
heavy components but had to im- 
provise hoists from structural beams 
and slabs. 

Since poured concrete was to be the 
principal structural material that sup- 
ported and separated the major com- 
ponents of the steam-generating sys- 
tem, the “sphere-filling” operation 
consisted of alternating the installation 
of components with the pouring of 
concrete slabs. A complicated se- 
quence of pouring operations had to be 
worked out to mesh with the com- - 
ponent-delivery schedule and order of 
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FIG. 1. 


installation to make sure that struc- 
tural supports were ready when needed. 

Two “‘pumpcrete”’ machines (which 
can mixed concrete through 
flexible hoses to a height of 


hundred feet) proved to be the most 


pump 
over a 


economical way to put the concrete in 
place within the crowded work area of 
the enclosure. 

‘Rex Model 
a “‘ Model 


were placed outside the 


The machines, one a 
200 single” and the other 
200 double,” 
sphere at ground level and ramps built 
so that ‘Transit-Mix” trucks could 
discharge directly them. On 
large pours, both machines fed three 
This 
gave a combined pouring capacity of 
90 yd*/hr. At other times only the 


into 


lines discharging in the sphere. 


AUTOMATIC WELDER (twin submerged are process) 
joins containment-shell plates into subassembly on special tilt 
table that lines up plates into arc of great circle 


the 
Alto- 
gether, these machines pumped about 
27,000 yd* of concrete into the sphere 
within a period of ten 
enough to form a solid concrete cube 
90 ft high. 

The involved sandwiching of com- 


larger machine was used and 


smaller served as a standby. 


months 


ponents and concrete meant that the 
schedule for delivery of the components 
had to be held quite firm. The only 
major component that did not meet the 
schedule the 
vessel itself, which arrived four months 
late. 
rework the schedule around this single 
exception so that no construction time 


was reactor pressure 


However, it proved possible to 


was lost. 

The primary steam drum was the 
first major item to be erected, and this 
was supported from the top concrete 
slab (see foldout, p. 64). The emer- 
gency condenser was then assembled 
and welded in place above this slab. 
The secondary steam generators, re- 
circulating pumps, unloading system 
equipment and reactor cleanup de- 
mineralizer equipment all went in 
their respective compartments during 


the sequences of the concrete pouring. 
The piping in the nuclear steam- 
supply system is stainless steel through- 


out. It was fabricated in the shop and 


FIG. 3. NEWLY ARRIVED VESSEL is 
eased upright into concete cell. Ves- 
sel, which came late, was last major 
reactor component to be _ installed, 
Array of holes in bottom are control- 
drive penetrations 


FIG. 2. SEA-GOING PRESSURE VESSEL makes way up Illinois 
River on last leg of journey from Camden, N. J. 
via Atlantic Coast, Gulf of Mexico and Mississippi River 


Route was 


arrived on the job in the form of 
conventionalspools. Individual spools 
were preassembled into one piece at a 
pipe yard on the site and then hoisted 
into the sphere and erected as a unit, 
thus minimizing the number of diffieult 


in-place welds. 
Pressure Vessel 


The reactor the 
major component of the nuclear steam 
supply system, is a 300-ton cylindrical 
steel vessel 12 ft 2in. i.d. and 45 ft high. 
New York Shipbuilding Corp. fabri- 
cated the vessel at Camden, N. J. and, 
because of the vessel’s size, shipped it to 
the Dresden site on a seagoing barge 
(see Fig. 2). The vessel arrived March 
11, 1959, after 25 days enroute. The 
vessel, shipped on a specially designed 
skid, was hauled from the barge over a 
1¢-mile roadway, through the 22 ft X 
29 ft temporary construction opening 
of the sphere, and through the un- 


pressure vessel, 


poured north portal and shield wall. 
Two 150-ton hoists and frames located 
on the concrete slab above the reactor 
foundation raised it from the horizontal 
to vertical position (see Fig. 3). 

So that it mate with the 
numerous pipe connections and the 80 


would 


control-rod-drive penetrations already 
installed, the vessel had to be aligned 
on its foundation to within 144—}2 in. 
along each axis. 

Once the vessel was installed, the 
focal point of the construction effort 
shifted to filling the vessel with the 

(Continued on p. 75) 






























Inside height: 





Inside diameter: 
Wall thickness: 


( ‘omposition: 







Cladding 





material: 
thickness: 







Design pressure: 





Test pressure: 






Core 





Configuration: 





size: 





Fuel load 
[28 bs 
[j238: 


Composition 







water: 






uranium 





dioxide: 






Zircaloy-2: 






: Control rods 






Configuration: 
Number: 


Composition: 






Total rod worth: 
Weight: 
Withdrawal rate: 







Scram time: 





Fuel elements 





Ty pe: 
Number: 
Enrichment: 






Rods per element: 





Segments per rod: 





Pellets per seg- 
I 





ment: 





Pellet dimensions: 





Pellet compositior 










Location: Morris 





Illinois 


Designer: General Electric Co. 


(rchitect-engineer: Bechtel Corp. 






Output 





Pressure vessel 


10.88 ft 

12.17 ft 

5.25-5.625 in, 

carbon steel 
(A-302 Grade B 


stainless steel (304L 


0.375 in. (nominal 
1,250 psig 
1,875 psig 


right cylinder 


10.7 ft dia X 11.2 ft 


821 kg 


59.5 tons 


7 vol&% 


27 vol &% 


16 vol & 


cruciform 

SO 

2wt% Bin 30488 
14% Ak/k 

155 lb 

6 in. /sec 


3 sec 


pellet 
188 
1.5% 
36 

1 


3 
0.494 X 0.625 in 


uranium: 88.1 wt % 
oxygen: 11.9 wt 
Pellet temperature 
average: 560° F 
maximum: 580° F 
) *Two end pellets in each segment 


of natural uranium 0.500 in. long. 





Owner: Commonwealth Edison Co 
Date critical: October 15, 
thermal: 625, 


electrical: 180,000 kw 


are 





1959 









900 kw 


Control-rod drives 
lype: hydraulic 
Number: 80 

Working fluid: 


Scam mechanism: 


reactor feedwater 


accumulator 
1,400 psi 


Accumulator charge: 


sean Samia : 
ae ag ae eee a 


Moderator 





ly pe light water 
\verage neutron 
energy: 0.064 ev 
lhermal flux 
average: 3.1 & 10% n/em?/sec 
Prompt-neutron 
lifetime: 6 X 107° see 
lft. delayed- 
neutron fraction: 0.0071 
Over-all temp 
coefficient : 1.6 10 | 


Control requirement 





Burnup: 6% Ak/h 
Iquilibrium Xe 

and Sm: 4% Ak/k 
Doppler coefficient: 1% Ak/k 
Voids: 2% Ak/k 
Shutdown margin: 3°% Ak/k 
Total: 16% Ak/t 

at-Transt 

Coolant 

I'ype light water 


Amount > 


in core: 10,500 liters 
total: ISS tons 
Inlet flow: 25.7 & 10° lb/hr 


Inlet temperature: 505° F 
Operating pressure: 1,000 psig 
Outlet steam 

temp.: 547° F 


Outlet steam flow: 1,405,000 lb/hr 


Heat flux 
Max/avg ratio 
axial: 1.4 
radial: 1.6 
Core 


91,800 Btu /hr /ft? 
280,000 Btu /hr /ft® 


average: 


maximum: 
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> 
' DRESDEN the Line 
Dresden went critical on Octobe 15. 1959: the fuel load was exactly that predicted for the 
minimum mass—28 elements in a 5 X 6 array with two corners missing. Before going to 
power, 6—-S weeks will be spent doing critical « xperiments with the vessel head off. These 
will involve measurements of void and temperature coefficients, flux distribution and rod 
alibration for: 
®, 55-60 element fuel load (twice the critical mass), 
@ 4 320-clement load with a peripheral control-rod pattern, 
® and the full core load of 488 clements 
Following this program, the vessel head will be bolted on and a 6-month test program 
nitiated in which the reactor will be brought up to power in 10% steps. 
Moisture Main cond. 1,525,860 ib/hr 
965 psia 1192.2H 1,405,000/b/hr a separator 
Primary Pang JAE 
steam 7 ; r 
100,000Ib/hr drum a7spsio 7 Pa oh Be Eenereter 
450°F 430.1h i ; Bh a we BE OR pe wscne 
S90 pH 1,t91,200Ib/hr TT TA TL Sie I ie 
From \ —l es be a ; 3 Makeup 
reactor ; H.P. Turbine: | 1 1 | ae Pt S JAE condensers 
cleanup S ee Bee at 
Q tests ts * 08.24 
= : } | 76.6 
: 2 ‘ ; § y db) 
3 .S 1,023,710 
25 Flosh = lib/hr 
>) Flash tank tank wy 
= 
. e |_|1,204,1601b/hr Secondary 
® feed 
eat = = 
. 2 / | Secondary 405°F| (A A A 
| steam 
5 [generators / [ 
: 405°F Me le 
°. 1,405,0001/b/hr B 84 \ ey 
“e \ 7 *§ 
277 15.2 41.3 
wr gan psia psia psia 
system Reactor A=Secondary feedwoter heaters Primary 
leakage cleanup B=Primory feedwater heaters cooler feed pump 


1 Two cycles of dual-cycle system each 

have extra leg. Primary cycle is 
reactor-to-drum-to-exchanger-to- 
reactor with primary steam going to 
turbine. Secondary cycle is ex- 
changer-to-turbine-to-heater-to- 
exchanger with some feedwater 
going to drum 


2 Section shows core support plate, fuel 
elements and control rods. Cruci- 
form-shaped rods enter from bot- 
tom, are guided by sides of fuel 
elements. Tie plates at either end ——\ !-—— = 
hold fuel rods in place 33 - 





Bellows seal 


Ruptured-fuel-rod- 
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sampling tubes a 








Steam -deflector 
locking 
arrangement 


Turning vane assembly 


Core-guide lugs 


Fuel element 


Pressure vessel 





ffuser basket assembly 
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> ¢ 
Dresden reactor has many unusual features. Among 


them are hydraulic control-rod drives in thimbles ex- 
tending from bottom, feedwater diffuser beneath 
core, turning-vane steam diffuser over core. Freed 
from necessity of mounting drives on head, shape of 
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Closure seal 





Steam-deflector support 











f. Turning-vane 
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a Core-guide assembly 
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A Inner water seal 
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head design is more ideal, head can be more easily 
removed for refueling. Thimble on top of head pro- 
vides access for, and easy servicing of, instrumenta- 
tion. Shown are two of four feedwater inlets, four of 
12 steam-water-mixture outlets 
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Fuel rods consist of four segments 


pellets in each segment. Spacer 
plates at each junction prevent 
bowing. Springs on ends permit 
thermal expansion and contrac- 
tion. Nose piece has device for | 
adjusting coolant flow | 


Thimble —__. 
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Piston rod 


Unlocking 
piston 


Locking ball 


uylinder 


Piston 


— Piston rings 
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Shuttle 
valve 


Control-rod drive functions like ordinary hydraulic piston operating in 
cylinder; motion is initiated by unbalanced force on either side of piston. 


Hydraulic fluid is reactor feedwater 


View of Dresden Nuclear Power Station 
shows containment vessel and turbine build- 
ing. Main power-conversion and auxiliary 
sytems in turbine building are grouped in 
compartments formed by concrete shielding. 
Auxiliary systems include water treat- 
ment, waste disposal and fuel handling 
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Reactor 


Reactor “package” is main plant equipn 
concrete. Risers carry steam-water m 
above. Downcomers feed saturated w 
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t equipment enclosed in biological shield of ordinary 
water mixture from reactor to steam drum 85 ft 
rated water to headers supplying heat exchangers 











Descriptio 


The Dresden reactor is a forced-circulation, dual-cycle, 
boiling-water reactor located about 50 mi 8.W. of Chicago 
on a 960-acre site at the confluence of the Kankakee and 
Des Plaines Rivers. 

The dual cycle scheme is an attempt to improve power 
output per unit core volume and reactor response to load 
demand. Both of these objectives are related to variation 
in reactivity with density changes caused by boiling. In 
the dual-cycle reactor, boiling is controlled by the degree of 
subcooling at the inlet. To accomplish this, the steam- 
water mixture from the reactor is piped to a separating 
drum from which primary steam flows to the turbine. 
Saturated water flows from the drum, through heat ex- 
changers, and then back to the reactor. Thus, the tem- 
perature of the reactor feedwater is controlled by second- 
ary-steam production, and the latter is controlled to meet 
load changes by actuation of the secondary-steam admis- 
sion valves by the turbine governor. This self-regulating 
feature causes pressure in the secondary-steam system to 
vary with load. Pressure in the reactor (and, essentially, 
in the primary steam system) is held constant by the tur- 
bine regulating valve. As would be expected, the heat rate 
is contingent upon the primary-steam pressure and the 
percentage of power that is removed as primary steam. 


Pressure Vessel 


The pressure vessel is fabricated from molybdenum-bear- 
ing carbon steel entirely clad on the inside with stainless 
steel. The vessel shell weighs ~350 tons and is closed 
with a bolted head sealed by a metal O-ring. Feedwater 
enters the bottom of the vessel through four 22-in. nozzles, 
and the steam-water mixture leaves through twelve 16-in. 
penetrations near the top of the vessel shell. Additional 
penetrations are provided for thermocouples, flux-monitor- 
ing devices, elements of the fuel-rupture-detection and 
poison-injection systems, pressure taps and drains. 


Core Structure 


The core structure consists of three principal elements: a 
bottom support plate, which is mounted on a ring girder 
attached to columns rising from the bottom of the pressure 
vessel; a cylindrical guide support which also mounts on 
the ring girder and serves as a thermal shield; the third 
part is the upper guide assembly, which rests on the guide 
support. The bottoms of the fuel elements fit into mating 
holes in the support plate while the upper portions are held 
by the guide assembly. Channels for control rods are 
formed by the spacing between fuel elements. The loaded 
core has an over-all water-to-fuel ratio of 2.17:1. 


Fuel Elements 


Each fuel element consists of a 4.29-in.-square Zircaloy-2 
channel 0.06-in. thick in which are arranged 36 rods in six 
rows of six rods each. The fuel rods are made up by 
screwing together four lengths of Zircaloy-2 tubing having 
an o.d. of 0.56 in. and a wall thickness of 0.030 in. End 
plugs welded to the 28-in.-long segments are threaded 

male at one end and female at the other). No filler mate- 





rial or bonding agent is interposed between fuel pellets and 
Active length of the fuel elements is 106 in. 
Tie plates are attached to each end of the bundle of fuel 


tubes. 


rods, and spacer plates are located at each of the three seg- 
lifting bail is at- 
affixed to the 
lower tie plate, contains an orifice for adjusting water flow 
through the fuel element 
piece are fabricated from type-304 stainless steel 


ment junctions to prevent bowing. A 
tached to the upper tie plate; the nose piece, 


Ti plate s, lifting bail and nose 
Over-all 
length of the fuel element with end fixtures is 134 in. 
The fuel bundle is attached to the square ¢ hannel at the 
upper end by cap screws. Proper spacing between fuel 
elements in the core is maintained by nodes on the outside 
of the channels at intervals corresponding to those of the 
Allowance for thermal 


vided in several ways: fuel 


spacer plates. expansion is pro- 
pellets have space in which to 
expand in each tube segment, the segments have some free- 
dom of movement at the quarter-way spacers (the center 


spacer is considered to be more or less fixed), and rods have 


& compressed spring at each end 


Control Rods 


The control rods have 6.5-in.-wide blades that are 0.375 
in. thick; poison length is 8.5-ft. Entering the core from 
the bottom, the rods move through guide 
region between the bottom of the pressure vessel and the 
They 


within an 8.25-ft-diameter area in the 


tubes in the 
core support plate. are spaced about 10 in. apart 
central core region. 

The axial flux distribution in a boiling-water reactor can 
be considerably distorted by boiling and the resultant loss 
in moderating capacity in the upper portion of the core. 
This phenomenon usually results in high flux peaking in 
Inserting the control rods 
from the bottom of the core reduces this peaking. Thus, 
the total peaking factor at 125% of full power, including 


the lower portion of the cor 


axial, radial and local peaking, is 3.66 


Control-Rod Drives 


Each control rod has an individual drive mechanism 


housed in a 4-in.-i.d. thimble attached to and extending 
below the pressure vessel The drive mechanisms use 
reactor feedwater as the hydraulic fluid. Control-rod 
latch 


Each drive m«¢ chanism is operated inde- 


withdrawal requires unlocking a mechanism by 
water pressure. 
pendently, and the control system is so interlocked that 
only one rod can be moved at a time at a rate corresponding 
to a reactivity change of not more than 0.013% Ak/sec 

The scram mechanism consists of a hydraulic accumula- 
tor for each three control-rod drives. The accumulator 
is charged with reactor feedwater at 1,400 psi, but a shuttle 
valve will expose the lower side of the piston to reactor 
pressure if accumulator pressure somehow becomes lower 
than reactor pressure. Total length of travel for the con- 
trol rods is 8 ft, 10 in. 


Containment Vessel! 


The reactor containment vessel is a steel sphere 190 ft in 


diameter with ~40 ft below grade. Constructed of 3.500 


tons of ASTM A-201 steel plate with an A-300 specification 
heat treatment, the vessel was designed in accordance with 
Section 8 of the ASME Boiler Code for Unfired Pressure 
Vessels. 
the top to 1.4 in. 


pressure of 29.5 psig was negligible. 


With plates ranging in thickness from 1.25 in. at 


near grade, leakage rate at the design 


Access to the vessel is provided by three pressure locks. 
An & 
vessel to the adjacent turbine building. 


8-ft lock permits removal of equipment from the 
Normal person- 
nel access is through a 2.5 X 6-ft lock, and emergency 
escape is provided by another 30-in. diameter lock. In 
addition, a 16-ft-diameter bolted opening is used for mov- 
ing equipment in and out of the vessel during shutdown 
periods. 
Plant Equipment 

The primary-steam drum has a water-storage volume of 


1,500 ft* 
pressure identical to those of the reactor pressure vessel. 


and is constructed with materials and design 


Under rated conditions, the drum delivers 990-psia steam 
of 99.9% quality to the turbine. 

Heat exchangers. The four secondary-steam gener- 
ators are of the vertical shell-and-U-tube type with satu- 
rated water from the primary steam drum flowing through 
the tubes. 
three-element control system. 


Feedwater is injected into the shell through a 
Under rated conditions, 
each heat exchanger delivers 297,800 lb/hr of steam at 
510 psia to the turbine. 
Recirculating pumps. Four pumps of the vertical, 
centrifugal, canned-motor type move saturated water from 
steam drum to heat exchanger to reactor. Each pump is 
designed to deliver 16,500 gpm with a developed head of 
103 ft using a motor rated at 600 hp. 
All primary-coolant 
type-304 


piping and 
Wall 
thickness of the piping corre sponds roughly to pipe sched- 
ule 100. 


to conventional gate valves except that these have two 


Piping and valves. 


valves are fabricated from stainless. 


The electric-motor-operated valves are similar 


stem-packing sets, one on either side of a leak-off. 

Other 
located above the steam drum, contains sufficient water on 
the shell side (30,000 gal) to last 8 hr. 


plant equipment. An emergency condenser, 
A shutdown-cooling 
system consists of two pumps and two heat exchangers 
operating in parallel. An emergency poison system con- 
sisting of a 300-gal tank filled with sodium pentaboral solu- 


tion is also located above the steam drum. 
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core components. These included, in 
the order in which they were assembled : 
the thermal shield, the diffuser basket, 
the bottom core support, the upper- 
grid guide, the thimble installations for 
the control-rod entries in the bottom of 
the vessel shell, the turning-vane 
installation which includes the mechan- 
ical features for the fuel-rupture- 
location and in-core flux-monitoring 
systems, and the reactor-vessel head 
and auxiliaries. 

Here again tolerances of the order of 
19 in. had to be held in positioning and 
assembling the components. For the 
more difficult assemblies, the crew 
worked out procedures with mockups. 

As the primary system neared com- 
pletion special pains were taken to keep 
out dust and sand. Before the hy- 
draulic control-drive mechanisms were 
installed, the system received a com- 
plete flushing by high-velocity water, 
was steam-blown (with steam supplied 
from two oil-fired donkey boilers that 
had been brought in to turn over and 
balance Dresden’s turbine) and, finally, 
flushed with hot citric acid until the 
system passed inspection. Each flush 
required 200,000 gal of cleaning agent. 
Thereafter anyone in the vicinity of an 
opening to the nuclear steam-supply 
system had to comply with a strict set 
of regulations regarding cleaniness. 

The extensive instrumentation inside 
the shell—safety circuits, rod and valve 
position indicators, pressure and tem- 
perature sensors, alarms, etc.—was 
mostly installed after the major equip- 
ment had been put in place. 

Construction of the conventional 
parts of the power plant actually began 
(with the excavation for the turbine- 


building foundation in March) at the 
same time as the nuclear construction. 
Work proceeded in parallel with the 
nuclear efforts on the turbogenerator, 
condenser, feedwater heaters, waste- 
system equipment and other conven- 
tional auxiliaries. The construction 
schedule for the nuclear equipment, 
however, took priority over this 
construction. 

The entire Dresden plant, as it 
stands completed, adds up to 56,000 yd 
of concrete, 4,500 tons of structural and 
reinforcing steel, 230 miles of power and 
control wire, 45 miles of process and 
service piping and 65 tons of uranium. 


Preoperational Testing 


After the reactor had been put 
together, a testing organization (com- 
posed of GE and Commonwealth 
personnel) ran through a list of 55 pre- 
operational systems tests (see Table 1) 
to assure that everything was in work- 
ing order before the plant went critical. 
These tests were independent of the 
component tests performed by Bechtel 
during construetion. They simulated 
as nearly as possible (in some instances, 
duplicated) the actual operating condi- 
tions. A very time-consuming test 
was the one on the control-rod-drive 
system; here each of the 80 control 
mechanisms was tested and each con- 
trol rod inserted and checked for proper 
alignment. 

The preoperational tests uncovered 
the usual minor difficulties but nothing 
that required drastic action; typical 
troubles were errors in instrument 
wiring and inadequate capacities for 
small-pump motors. In each instance 
the engineer who originally designed 





TABLE 2—Dresden Power-Test Program 





Test 


Purpose 





Prepare for startup 

Recirculation pump 

Shutdown and safety 

Reach critical and initial 
nuclear heating 

Temperature coefficient 
of reactivity 

Rod pattern 

Stability 

Turbine 

System 


other tests 


Complete preoperational, initial-loading and low-level-test programs 
Determine core flow and system pressure-drop characteristics 

Test safety system and capability of plant for safe operation 

Start reactor and bring to temperature while providing conditions for 


Find dR/dT vs. T and critical rod patterns vs. temperature 


Find near-optimum rod configuration for flux shaping 

Predict stability at next power step and as function of void fraction 
Bring turbine to speed and set controls 

Determine response and stability of pressure regulator, turbine gover- 


nor and reactor (these constitute the control loop) 


Single- and dual-cycle 


Determine plant stability at greater than rated voids in the core. 


Determine response and maneuverability of the dual cycle 


Plant performance 
specification 
System expansion and vi- 
bration 
Xenon peak 
Radiation monitoring 
Water treatment 


Part-to-full-load performance, Btu/kwh and equipment-performance 
Determine adequacy of expansion and vibration provisions 
Obtain peak Xe value and high Xe concentration startup information 


Determine adequacy of shielding and verify shielding calculations 
Maintain specified water quality and conditions 
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TABLE 1—Dresden Preoperational Tests 





Nuclear Steam Supply 

Reactor-Unloading System 

Reactor-Cleanup Demineralizer System 
Emergency Condenser System 

Reactor Poison System 

Fuel and Control-Rod Handling System 
Control-Rod and Hydraulic System 

Reactor Safety and Instrumentation System 
Fuel-Rupture Detection System 
Ion-Chamber Position-Control System 

Area Monitoring System 

Process-Radiation Monitoring System 
Reactor Density and Pressure Instrumenta- 


tion 

Reactor Shell Temperature Monitoring Sys- 
tem 

Poison System Instrumentation 

Nuclear Steam Supply Instrumentation 

Neutron Monitor System 

Condenser, Condensate and Off-Gas Systems 

Condensate-Demineralizer System 

Primary and Secondary Feedwater Systems 

Station-Lube-Oil System 

Circulating- Water System 

Intake and Discharge Structure Equipment 

Service Water System 

Turbine Building Cooling Water System 

Reactor Enclosure Cooling Water System 

Well Water System 

Domestic Water System 

Make-up Demineralizer System 

Fire Water System 

Post Incident Cooling Water System 

Service Air System 

Instrument Air System 

Plant Heating System 

Fuel Oil System 

Chlorine System 

Diesel Oil System 

Radwaste Treatment System 

Ventilation Systems 

Chemical] Feed System 

Diesel Generator Unit 

Hydrogen Storage 

Reactor Enclosure 

138-kv System 

14.4-kv System 

4,160-volt System 

Grounding System 

480-volt System 

125-volt d-c System 

Low-pressure CO: System 

Main Loop Cleaning Procedure 





the system was present at the site dur- 
ing preoperational test of his system. 

After this series of test was over, the 
whole steam-generating system was 
tested hydrostatically at 1,800 psig 
(1.5 times design pressure). Then the 
vessel head was unbolted and loading 
started to achieve the minimum 
critical mass. 

Dresden went critical on October 15, 
32 hours after loading of the first ele- 
ment began. It is now undergoing 
tests with different core configurations 
at zero power with the vessel head off. 
In December the system will be closed 
and the reactor will start running 
through a power-test series (see Table 
2) at increasing power levels until it 
reaches full power in mid 1960. 

* * + 


This article is based on interviews with 
F. A. Hollenbach, General Electric engineer 
in charge of construction and material made 
available by the General Electric Co., Bechtel 
Corp. and the Chicago Bridge and Iron Co. 
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FIG. 2. HYDROGEN FLUORIDE pro- 
duced by batchwise hydrolysis of ZrF,; 
ZrF, mixture was made by drying and 
denitrating synthetic STR wastes 


FIG. 1. WASTE CALCINATION and gas re- 
covery system. Al and Zr wastes are calcined 
in rotary ball kiln. Dust is filtered from off- 
gases; HF and HNO; are recovered 


Calcination of High-Level 
Wastes for Ultimate Disposal 


Calcination with rotary ball kilns is feasible for disposing of processing 


wastes from aluminum and zirconium fuels. 


Dust production, off-gases, 


corrosion and oxide leaching are not obstacles to a practical, large-scale plant 


R. F. DOMISH, E J. TUTHILL and L. P. HATCH, Brookhaven National Laboratory, Upton, New York 


FIG. 3. DOUBLE-KILN CALCINER; first 
kiln converts Al(NO;); to AlsO; and 
nitrogen oxides; second kiln converts 
ZrF, to ZrO. and HF 


Sn compounds < 0.012 & 
Cr compounds < 0.0165 
Fission products 
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OVER THE PAST FOUR YEARS, Calcina- 
tion has been studied at Brookhaven 
National Laboratory as a means for 
the permanent disposal of wastes from 
the reprocessing of aluminum- and zir- 
conium-alloy fuel elements. 

The calcination process is designed 
to meet the two basic objectives of 
ultimate disposal: immobilization of 
the fission products by incorporation 
in stable solids and reduction of the 
product to a minimum volume. 

The major constituents of the re- 
processing wastes, in addition to fission 
products, are aluminum nitrate in the 
case of the aluminum-alloy fuel and 
aluminum nitrate, zirconium fluoride 
and aluminum fluoride in the case of 
the zirconium-alloy fuel. In the cal- 
cination process, these salts are con- 
verted to their stable oxides by thermal 
decomposition and steam hydrolysis. 
There are three stages in the process: 
calcination in a rotary ball kiln, off-gas 
recovery and oxide leaching and storage 
Fig. 1). 

Our investigations of this calcination 
process have led to these conclusions: 

1. Calcination in rotary ball kilns 
appears to be practical with respect to 
product quality, mechanical design, 
off-gas volume and dust carryover. 

2. Corrosion tests indicate that suit- 
able materials are available for con- 
struction of kilns for a single- or double- 
kiln calciner. 

As an important adjunct to the 
work reported here, an engineering 
evaluation by the Blaw-Knox Co. 
strongly supports the conclusion that 
this is a practical process for a full- 
scale plant. The mechanical problems 
are centered in external parts that 
are accessible for maintenance and 


replacement. 
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FIG. 4. FLUORIDE-TO-NITRATE RATIO 
in first-kiln off-gases 
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Initial Considerations 

Several types of calciner, both batch 
and continuous, can be considered for 
processing aluminum and zirconium 
wastes. The chief advantage of the 
rotary-ball-kiln type is over-all per- 
formance dependability under widely 
varying operating conditions. In par- 
ticular, uniformity of the oxide product 
is promoted by long and uniform 
residence time. 

The escape of radioactive dust par- 
ticles is a serious problem in calcination. 
Since batch operation produces essen- 
tially no dust, it received first con- 
sideration. However, continuous op- 
eration was adopted because of its 


obvious advantages. 



















Dust production is kept down by 
feeding the solution into the kiln as a 
stream rather than a spray. The use 
of a slowly moving rotary kiln with 
a large cross-sectional area and con- 
sequent low gas velocity also minimizes 
the tendency for dust to be carried 
into the gas stream. Further dust 
control is maintained in the work 
reported here by the condensation and 
absorption of the off-gases. 

Simulated aluminum nitrate wastes 
were used for the first tests made in a 
rotary stainless-steel drum open at one 
A free-flow- 
ing granular product was obtained at 
350° C, but later work, fortified by 
X-ray analysis, showed that 550° C 


end for observation (1). 


was required to give a good crystalline 
oxide (2). 

The hydrolysis of zirconium fluoride 
was known to require still higher tem- 
peratures, ~~700° C, and the addition 
of steam (Fig. 2). It seemed logical 
that, if these requirements were met, 
the zirconium wastes could be treated 





in the same as the aluminum 
wastes to give stable zirconium oxide. 

One difference aluminum 
and zirconium wastes is that the latter 
contains both fluorides and nitrates, 
which give rise to hydrogen fluoride 
and oxides of nitrogen in the calciner 
and thus formidable cor- 
rosion problem. A literature search 
yielded little or no information upon 
which to base a choice of construction 
materials for the calciner or the off-gas 

To alleviate the corrosion 
the continuous equipment 


way 


between 


present a 


condenser. 
problem, 


was initially designed as a double-kiln 
calciner so that the nitrogen oxides 
and hydrogen fluoride would be pro- 
duced separately. 

Previous studies of the products of 





FIG. 5. NITRATE-TO-FLUORIDE RATIO in second-kiln off-gases’ 


calcination of simulated “aluminum 
and zirconium wastes spiked with 
specific isotopes showed that the two 
longer-lived products, stron- 
tium-90 and cesium-137, are to some 
extent leachable from the oxides upon 
contact with water or mild acids. 
Therefore, the calcined product is not 
suitable for immediate disposal, and 
further treatment is al- 
though the oxides are not corrosive 
to tanks and other facilities. Leaching 
leaves the oxides in a condition suitable 
for burial and gives a solution of the 
strontium and cesium virtually free 
of zirconium and aluminum ions; this 
facilitates its fixation in montmoril- 
lonite clay and ultimate disposal (8). 


fission 


necessary, 


Double-Kiln System 


The double-kiln calciner (Fig. 3) con- 
sisted of two drums, each of 4-in. 
diameter and 12 in. long, operated in 
series and connected by a solids- 


transfer unit. 
In a preliminary study, the first 
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kiln was operated at various tempera- 
tures, and samples of the gases from 
each kiln were condensed and analyzed 
(Figs. 4 and 5). A temperature of 
325° C gave the lowest ratio of fluoride 
to nitrate in the first-kiln condensate 
consistent with minimum nitrate in the 
second-kiln The 
kiln was operated at 700° C to evolve 
hydrogen fluoride. 

Both kilns were operated with in- 
ternal at- 
mospheric and contained metal balls 


condensate. second 


pressures slightly below 
to minimize conglomeration and caking 
ff the normally finely divided oxides 

id to aid in heat transfer. 
sisting of a solution of zirconium and 


Feed con- 


aluminum fluorides, aluminum nitrate 
and simulated 
pumped through a nozzle protruding 
into the low-temperature kiln. 

The powder produced in the first 
kiln consisted essentially of aluminum 


fission products was 


oxide, zirconium and aluminum fluo- 
The solids 
and the vapors were discharged to- 


rides and fission products. 


gether, the former falling into a hopper 
and the latter passing to the off-gas 
condenser system. The powder from 
the hopper passed through the solids- 
transfer unit into the kiln, 
where high-temperature steam hydroly- 
sis converted the fluorides to oxides. 
A portion of the powder held up in the 
solids-transfer unit constituted a bar- 


second 


rier between the atmospheres of the 
two kilns and thus reduced the cor- 
rosion problem by preventing mixing 
of the gases. 

from the 
kiln, consisting primarily of steam, 


Gases low-temperature 
oxides of nitrogen and small amounts 
of hydrogen fluoride, passed through a 
dust-settling chamber and thence to 
the nitric acid 
where the steam was condensed and 


absorption column, 
the oxides of nitrogen were absorbed. 
Negative pressure was maintained in 
the system by means of a fan located 
downstream from the filters. 

from the 
kiln, consisting essentially of hydrogen 
fluoride and 
a settling chamber and thence to a 


Gases high-temperature 


steam, passed through 
surface condenser. 

Commercial-plant requirements. 
Condensation of the off-gases is prob- 
ably the largest single factor in the 
capture of dust 
In a commercial unit, major emphasis 


entrained particles. 
will be placed on the prevention of 
air leakage into the system because of 
the subatmospheric internal pressure. 
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TABLE 1—Dust Evolution in Al.O; Calcination 


Dust 
collected 


on filter 


Al.O; 
produced 


Length 
of run 
(hr) 


Run Vacuum 
No. (in. HO) 
33 2,510 17 
18 2,440 26 

1,085 


(gm) 


uo 


> hs jm 
bo bt or 


1,650 1 
1,412 21 


1,412 18 


Co to tt 
Oo Ww & 


(10~* gm) 


13. 
1,320 1.é 


10-7 gm dust 10-® gm dusi 


Noncon- collected per collected per 
gm Al.O; 


produced 


densables 
(ft*) * 
3.22 52.8 6.78 
».6 39.4 10.65 
2.05 64.5 13.4 
3.8 3.94 1.135 
.o2 2.31 0.605 
.395 47.7 14.85 
22 92.0 


ft® noncon- 
densables 


* Air leakage through seals for the seven runs averaged 0.451 ft*/hr. 





The rotary seals will be provided with 
lantern rings filled with superheated 
steam to ensure exclusion of air. The 
great dependence that must be placed 
on satisfactory the 
rotary kilns requires that their design 
be highly refined, in so far as previous 
industrial experience is any guide. 


performance of 


In a commercial plant, solids ac- 
cumulated in the condenser and absorp- 
tion column would be washed and re- 
turned to the leaching system, and 
formed would be 
reused in fuel processing. 


acids cooled and 


Corrosion Tests 


The corrosion of kiln and condenser 
construction materials is an important 
consideration in the calcination process. 

Materials for kiln. Materials rec- 
ommended by various steel and alloy 
manufacturers 
chined into specimens to fit specially 
designed holders and were exposed for 
500 hr in each of the kilns. 

The corrosion in the low-temperature 
kiln was not severe, and a number of 


were accurately ma- 


easily obtainable materials appear to 


be satisfactory for this service. In 
the high-temperature kiln, some mate- 
rials exhibited satisfactory corrosion 
resistance, the rates being less than 
40 mils/yr. 

The resistance of these materials to 
the very severe conditions of the high- 
temperature kiln led to a study to 
determine whether the entire calcina- 
tion might be carried out in a single 
kiln. Corrosion in the single kiln 
was not extreme—comparison of the 
double-kiln and single-kiln results in- 
dicates no advantage with respect to 
kiln corrosion gained by using the 
former. 

At least four alloys are probably 
suitable as construction materials for 
the high-temperature calciner .vessel: 
Illium G, Inconel X, Haynes 25 and 
Nionel (4). 

Materials for condenser. A num- 
ber of commercial alloys could probably 
provide adequate service life in con- 
densers with the double-kiln apparatus. 
However, in the condenser of the single- 
kiln calciner, a wet corrosion test indi- 
cated that commercial alloys do not 





TABLE 2—Thermal Decomposition of Al(NO;)3°9H,O* 


Run 1 


Moles 
922 


867 


Initial charge of nitrate 2 

Recovered from condenser 2 

Total recovered from condenser 
and absorption flasks 

Volume noncondensables (ml) 


2.873 
,000 


* All quantities are given as NOs. 


% yield Moles % yield 


Run 3 


Run 2 





Moles % yield 





.994 
. 883 


3.000 


98.1 2.953 98.4 98.7 


2.897 
455 


98.6 2.987 99.4 


1,200 


99.56 


t Includes volume resulting from initial expansion of air in reaction vessel. 
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have sufficient resistance to hot mix- 
tures of nitric and hydrofluoric acid; 
carbon, Teflon and platinum appear 
to be the most likely materials. 


Single-Kiln System 


The double-kiln-system corrosion 
tests previously mentioned indicated 
that some materials might have suffi- 
cient durability to permit simultaneous 
decomposition of nitrates and hydroly- 
sis of fluorides in a single unit operating 
at 700°C. The practicability of the 
mechanically simpler single-kiln system 
was demonstrated by further corrosion 
tests. However, the double-kiln sys- 
tem still has the advantage that the 
nitric acid and the hydrofluoric acid 
are kept separate, facilitating their 
reuse in fuel processing. 

A single-kiln laboratory calciner 
(Fig. 6), similar in size to the double- 
kiln unit, was operated for 1,000 hr. 
No steam supply was required, since 
an amount adequate for the hydrolysis 
of the fluorides was provided by the 
water in the feed solution. 


Dust Control 


A commercially built calciner of 
64¢-in. diameter with a 36-in. heated 
zone was used to study dust evolution 
and interception. These experiments 
centered on three determinations: (1) 
the volume flow rate of the noncon- 
densable off-gases, (2) the quantities 
of dust entrained in these off-gases and 
(3) the leakage of air into the calciner 
through the two rotary seals because 
of the negative internal pressures. 
The results are given in Table 1. 

Batch experiments have shown that 
very little noncondensable gas is pro- 
duced by thermal decomposition of 
aluminum nitrate (Table 2), even with 
some leakage of air into the calciner; 
consequently, any final treatment of 
these gases to eliminate traces of en- 
trained dust should not be difficult. 
Furthermore, the data shows that the 
concentrations of dust in the off-gases 
are extremely small. The total off- 
gases from the system were passed 
through a Millipore AA filter with an 
exposed area of 3-in. diameter for 
periods up to 544 hr while operating 
at a feed rate of 1.7 gal of 2.2 M 
aluminum nitrate per hour with no 
apparent signs of increased pressure 
drop. 

The hydrogen fluoride evolved from 
the processing of zirconium wastes is 


thought to be completely condensable, 
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since the boiling point is 19.4° C. 
Millipore AA filters have a pore size 
of 0.80 + 0.05 yw, according to the 
manufacturer. The amount of dust 
collected on the filter was too small to 
measure conveniently by weighing; 
therefore, the filter was burned in a 
closed crucible, digested with potas- 
sium bisulfate and leached with dilute 
hydrochloric acid to put the aluminum 
oxide dust into solution. The quan- 
tity was determined spectrophoto- 
metrically with the aid of Aluminon 
(ammonium aurin tricarboxylate). 





























oxides in single calcination 


The present equipment shows some 
small inward leakage of air through 
the rotary seal, which is the one sensi- 
tive mechanical component of the 
rotary calciner. Steam-jacketed seals 
have been incorporated in the design 
of a new 8-in. calciner for treating 
zirconium fluoride wastes. 

Gas-chromatography measurements 
made with a sensitivity of 0.01% 
showed no oxides of nitrogen in the 
gases leaving the condenser-absorber 
unit. The high degree of absorption 
of oxides of nitrogen appears to result 
from the simultaneous condensation 
of the steam, in contrast to absorption 
by water in the scrubbing tower of a 
nitric acid plant. The mole ratio of 
nitrogen to oxygen in the noncon- 





densed gases was 1.5 as compared 
with ™4 in air. 


Oxide Leaching and Storage 


The oxide-leaching system is de- 
signed to provide for stepwise counter- 
current contacting of the solids with 
the leach liquids, and an investigation 
has been made to determine the con- 
tact time necessary to achieve com- 
plete leaching of the soluble fission 
products (2). An alternative to leach- 


ing of the oxides and fixation of the 
leached activity on clay is the trans- 






FIG. 6. SINGLE-KILN CALCINER; aluminum and zirconium salts are converted to 


formation of the oxides into an un- 
leachable ceramic substance with the 
aid of suitable fluxes and high-tem- 
perature firing. 

No undecomposed aluminum nitrates 
were detected in the powder from the 
calciner by X-ray studies. 
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The Chemistry and Application 
of Tritium Labeling 


Tritium labeling is a useful tool for many analytical problems. 


However, 


considerable care must be exercised to ensure purity of labeled organic 


chemicals, particularly the absence of high-specific-activity trace impurities 


By CHARLES ROSENBLUM, Merck Sharp & Dohme Research Laboratories 


Division of Merck & Company, Inc., Rahway, New Jersey 


TRITIUM is assuming an increasingly 
important place in the family of tracers. 
Some reasons are (1) availability and 
low cost of high-purity tritium, (2) 
development of liquid-scintillation 
counting methods for tritium; (3) com- 
parative “‘safety”’ of the weak radiation 
from tritium; (4) commercial availabil- 
ity of a large number of tritium-labeled 


compounds, and (5) labeling by direct 
exposure to tritium gas. 
Direct-exposure labeling, proposed 
by K. E. Wilzbach of the Argonne Na- 
tional Laboratory, offers the possibility 
of producing gram quantities of labeled 
organic compounds with specific activi- 
ties suitably high for the most rigorous 


tracer use. In some analytical appli- 





TABLE 1—Summary of Tritiation Experiments* 


Wt 


(gm) 


Curies 


Compound t tritium 


3,5-Dinitrobenzamide 2 1.36 
17-Hydroxycorti- 2.! 2.42 
costerone 
Gibberellic acid 1.29 
Vitamin B;. 0.005 
Imidazoledicarbox- 5 3.24 
amide : 
1,2-Diamino-4,5- 
dimethylbenzene 
3-Nitrophthalic 
acidt 
4-Hydroxyphthalide t 
2,4-Dihydroxy- 
acetophenone f 
a-Methyl-p1- 74 
glutamic acidt 
2-Deoxyribose-5- 0.100 
phosphate § 


* C = activity (curies); 7 = time (days 


Ratio, 
SA SA _ 
CXT (ue/mg) CXTXAH 


Time 
(days) 


29 129 


29 70 


118 


214 


0.38 
0.036 


0.47 
007 
045 


10 13 129 
22 0.11 0.0045 0. 
55 3 0. 


101 006 


154 009 


O04 
010 


140 
154 


168 


21 84 


; SA = specific activity (ue/mg). 


Last six compounds treated with tritium gas by New England Nuclear Corp. 
Purification by A. F. Wagner and A. N. Wilson of Merck Sharp & Dohme Research 


Laboratories. 


§ Purification by G. E. Boxer and Carl Shonk of the Merck Institute for Therapeutic 


Research. 


{ This is an over-all activity and includes a trace component of high specific activity, 


discussed in the text. 


as 





80 


cations, double-labeling using both 


tritium and carbon-14 is effective. 


Tracer Preparation 


Although the Wilzbach tritiation 
method is relatively simple, care must 
be exercised in purification. It is 
necessary to verify that the labeled 
material consists of a single active com- 
ponent. 

Labeling procedure. The success- 
ful tritiation of 11 compounds was re- 
ported by Charles Rosenblum and 
H. T. Meriwether. After rigorous 
purification, the compounds exhibited 
specific activities from ~1 to 129 
uc/mg (see Table 1). 

Solids were irradiated in all cases. 
After removal of tritium gas, samples 
were crystallized or precipitated from 
hydroxylic solvents to remove labile 
tritium atoms. They were further 
treated until successive steps failed to 
alter the specific activity. 

A final multistage confirmatory test, 
such as column or paper chromatogra- 
phy, or a countercurrent distribution, 
was applied to ensure the identification 
of the radioactivity with the parent 
compound. Such a rigorous criterion 
must be applied to all compounds 
labeled by this method because trace 
components may be formed by hydro- 
genation of an unsaturated bond or by 
radiochemical reaction. Though un- 
detectable by conventional analytical 
procedures, they may account for the 
major part of the tritium. 

Predicting specific activity. Inspec- 
tion of specific activities (microcuries 
per milligram) fails to reveal any obvi- 
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TABLE 2—Purification of Tritiated 
Compound F Alcohol 


Absorpltivity 
at 2,420 A 
(uc /mg) (Ai® ) 


Specific 
activity 
Pr oce du re 


21.0 
20.9 
21.6 
21.0 


442 
437 
437 
438 


Average 21.1 439 


TABLE 3—Paper Chromatography of 
Tritiated Compound F Alcohol 


Ry values 


Radiv- 


activity 


Tetrazolium 
Sample color 
0.29 
0.41 


Tritiated 0 
Comp’d F 
Compound F 0.28 0.28 
Dihydro F 0.41 


28 0.28 





ous relation to exposure (curies X time) 
or number of hydrogen atoms. 

The apparently low activity of the 
vitamin By, is due to the small amount 
(5 me) of tritium employed in this pre- 
liminary experiment. One might ex- 
pect the velocity of such a heterogene- 
ous reaction to be proportional to the 
amount of tritium gas and to the hydro- 
gen content (% H) of the irradiated 
The specific activity (SA) 
found after an exposure of 7' days to C 


molecule. 


curies (pressure P atmospheres) is a 
measure of reaction velocity, and one 
could expect the ratio SA/C X T X 
% H (or SA/P XT X % H) to be 
That this is 
an oversimplification is evident from 
the computed values listed for SA/C X 
T X % H; nor is the relationship im- 
proved by excluding labile hydrogen 
Obviously, the “velocity con- 
stants” listed vary a hundredfold, and 
prediction of the specific activity in- 
duced in an organic compound by the 
contact method is not yet possible. 


approximately constant. 


atoms. 


The morphology of the exposed solids 
may be a significant factor, which, how- 
eludes ready evaluation. Be- 
cause of grinding, most of the solid 


ever, 


specimens exposed consisted of imper- 
fect fragments, the surface 
structure of which cannot be visualized. 


crystal 


Tritiation is conceivably facilitated by 
an abundance of reactive surface hy- 
drogens. Absolute particle size per se, 
not have an obvious 
effect on the specific activity attained. 

Authenticity of tracer. 
sity for extreme caution before accept- 


however, does 


The neces- 


ing a labeled material as an authentic 
tracer is especially important where 
hydrogenation reactions are possible 
This is illustrated by the experience 
with 17-hydroxycorticosterone (Com- 
pound F alcohol). 

Table 2 shows that the specific activ- 


ity of this steroid after each of four 
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purification procedures is constant at 
21.1 uwc/mg. Furthermore, the ultra- 
violet absorption spectrum of these 
successive products in methanol is con- 


stant and identical with that of authen- 


FIG. 1. Chemical purification and uv 
absorption indicated pure Compound F; 
radiochromatography showed presence 
of dihydro derivative of Compound F 


tic Compound F, which has an absorp- 
tivity of 439 at 2,420 A. 
tempted to conclude that the product 


One would be 


had been adequately purified for use 
as a tracer. 

As seen in Fig. 1 and Table 3, how- 
ever, chromatography on paper* re- 
vealed the presence of two radioactive 
components. The minor constituent, 
with an R,f of 0.29, represented only 
about 20% of the radioactivity in the 
preparation, whereas the bulk of the 
radioactivity migrated with an Ry, of 
0.41. The location of the minor com- 
ponent coincided with the point (R, 
0.28) of maximum absorption of uv 
light and with the location of the 
steroid as shown by treatment of the 
paper with tetrazolium reagent (R, 
0.28). 

Obviously, the total mass associated 
with the bulk of the radioactivity 
(R; 0.41) was negligible, since it was 
insufficient to detectable uv 
absorption or color reaction with tetra- 
zolium reagent. 


exhibit 


Furthermore, its con- 
centration was insufficient to alter the 
uv absorption of the parent compound 
(cf. Table 2). 

Comparison with chromatograms of 
unlabeled Compound F (R; = 0.28 for 
both uv absorption and tetrazolium 
color) and of its 4,5-dihydro derivative 
(Dihydro F in Table 3; color R, 0.41) 
identified the minor radioactive con- 
stituent as labeled Compound F, which 
constituted the bulk of the “ purified” 


*The authors are grateful to W. J 
McAleer, Merck Sharp & Dohme Research 
Laboratories, for his advice and assistance 
in performing this paper-chromatographic 
study. 

t Ry; is a measure of the rate of migration 
of a component (band) on a chromato- 
graphic paper strip or column, On paper, 
it is defined as the ratio (movement of 
band)/(movement of advancing front of 
liquid). 





TABLE 4—-Residual Glycamide (R)* in 


Days 
after —— - 
Dif- 


ference 


Muscle (ug /gm) 


with- 


drawal Water t cu 


Tissue 


0.86 


0.06 


0.60 
0.34 35 — 


* Tritiated material 0.005 % 
was for one week prior to withdrawal. 
per 0.96 ml. 


0.80 


0.008 53 


in feed; C'4-labeled material 0.004 % 
T wg equivalent per 0.76 ml. 
} Detection limit in tissue was 0.05 wg/gm muscle and 0.01 yg/ml. 


Chick Tissue 


Plasma (pg/ml) 
Dif- 


Watert ference cu 


Tissue 


80 97 0.88 
58 27 
64 58 


72 


0.05 
73 

50 0.00§ 
37 35 0.00§ 
43 


Feeding 
t wg equivalent 


in feed, 
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The 


was 


Table 2. 
component 


steroid described in 
major radioactive 
identified as a 4,5-dihydro derivative. 
The preferential saturation of the 
4,5 double bond may again be associ- 
ated with the morphological accessi- 
bility of this part of the molecule to 
tritium gas. 

Even with authentic tracers, difficul- 
ties may be encountered in many types 
of experiments. Slow exchange of 
tritium atoms must always be tested 
as a possible factor in in vitro studies. 
In biological systems, this may render 
interpretation difficult. 

Such a situation was encountered in 
recent experiments* on the elimina- 
tion of the tritiated coccidiostat Glyc- 
amide (R) by chicks (Table 4). Tis- 
sue radioactivity indicated slow elimi- 
nation of tritium from muscle and 
plasma. However, measurements of 
the radioactivity of water removed 
from these tissues showed that the bulk 
of the tritium resided in the water, and 
that the difference between tissue and 
water radioactivities, the measure of 
residual drug, was reduced to zero in 
about two days. This interpretation 
was confirmed by experiments with the 
C-labeled drug. It thus appears that 
the tritiated coccidiostat rapidly pro- 
duces tritiated water by metabolism or 


* These experiments were performed with 
the collaboration of A. C. Cuckler and D. 
Polin of the Merck Institute for Thera- 
peutic Research in Rahway. 


FIG. 2. HGA is produced simultane- 
ously with GA, a plant-growth stimulant, 
in fermentation process; concentrations 
of these related chemicals are deter- 


mined by tritiation. Arrow indicates 
position of double bond in GA saturated 
with hydrogen to form dihydro derivative 


S 


Grapes treated with 


— MI 


~<q— 0.0i0mg tritium-iabeled 
gibberellic acid added 





gibberellic acid 











Extraction 


Concentrate 





' | Reaction with C'4H,N> 


Purification 
using tritium ———— 
activity as guide 


2 Chrornatography 

3 Addition of unlabeled 
ester (50-200mg) 

4 Isolation of cryst. 
specimen for assay 


FiG. 3. Since isolation of GA and HGA from plant tissue is incomplete, double- 
labeling technique (tritium and C!*) is necessary for quantitative measurement 


by exchange, and that the whole-tissue 
measurements were related to turnover 
of water in the chick rather than to 
drug residues. 

Double-bond addition. Experience 
with the addition of tritium to carbon- 
carbon double bonds was also reported 
by H. J. Dutton and by R. F. Nystrom. 

Dutton reported on attempts to 
tritiate methyl oleate by the exposure 
method. Although considerable radio- 
activity was retained by irradiated 
ester (~8 mc/gm), the bulk of this 
tritium was associated with fatty acids 
rather than with acid. Gas 
chromatography revealed the forma- 
tion of a new compound identified as 
methyl stearate. Residual methy| 
oleate itself was found to contain no 
tritium. Thus, the methy! oleate must 
have been converted to methyl! stearate 
by addition of tritium to the carbon- 
carbon double bond of oleic acid. 

Nystrom reported tritiation studies 
with various unsaturated compounds. 
Both the addition of tritium to a double 
bond and the substitution of hydrogen 
by tritium atoms being possible, the 
nature of the interaction was deter- 
mined by chemical degradation meth- 
ods. The results are summarized in 
Table 5. Obviously all four esters 
have been saturated so that tritium- 
labeled forms of these substances are 
not obtainable by the exposure method. 
In other cases, substitution is competi- 
tive, and the production of labeled 
forms becomes a Thus 
cyclohexene is comparable to Com- 
pound F alcohol, in which ~80% of 


oleic 


possibility. 


the tritium was incorporated by addi- 
tion. Cholesterol and isobutylene, in 
which addition and substitution occur 
equally, are more favorable from the 
point of view of tracer yield. Given 
adequate purification procedures, the 
Wilzbach method is applicable to such 
cases as the latter. Saturated fatty 
acids are readily labeled by exposure to 
tritium gas with relatively little radi- 
ation damage. 

The ease with which tritium gas adds 
to unsaturated loci in organic mole- 
cules of the olefinic type emphasizes the 
need for extreme care in purifying 
treated compounds and for applying 
rigorous criteria for purity and identity 
of the labeled materials. Obviously 
such saturated impurities as the 
dibydro form of Compound F are 
essentially carrier-free, and minute 
amounts represent gross contamina- 
tion. By the same token, such com- 
pounds, when isolated, constitute trac- 
ers of extremely high specific activity, 
even though carrier may be required to 
facilitate isolation. 


Double Labeling 


Double labeling with tritium and 
carbon-14 is effective for assaying 
steroids in biological extracts. Judg- 
ing from the report by R. E. Peterson, 
such procedures are preferable among 
isotope-dilution and derivative meth- 
ods. Complete recovery of the steroid 
is not required, and a minute amount 
of steroid is determinable from the 
radioactivity of the derivative. 

Both isotopes were measured in a 
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liquid-scintillation counter. To pre- 
pare the labeled extracts, tritium- 
labeled acetic anhydride of known 
specific activity is used as a reagent to 
convert the steroids to labeled acetates, 
and C'*labeled steroid acetates are 
added as isotope-dilution tracers. The 
whole is then subjected to suitable 
isolation procedures, and tritium and 
C"* activities are determined. 

The C" activity is a measure of the 
efficiency of recovery of a steroid, and 
the tritium count is a measure of the 
actual steroid recovered. The con- 
procedure in which tritiated 
steroids are added initially as dilution 
tracers and the purified extract is 
acetylated with C'*labeled acetic an- 
hydride has also been proposed. After 
subsequent exhaustive purification, the 
amount of steroid present initially can 
be calculated from measurements of 
radioactive carbon and tritium. 

The sensitivity of the first method is 
illustrated by the results reported by 
Peterson (Table 6) for five steroids in 
human adrenal gland and for animal 
adrenal vein plasma. Assays for these 
steroids are usually performed colori- 
metrically, as by the Silber-Porter 
method. Tracer methods are at least as 
sensitive, frequently more so. Their 
chief advantage is specificity, whereas 
colorimetric analyses are nonspecific. 


verse 


H® for Product Analysis 


Applications of tritium in the deter- 
mination of gibberellins in fermenta- 
tion liquors and in plant tissues and for 
ascertaining the efficiency of processes 
on an operational scale were described 
by W. E. Baumgartner. 

Gibberellic acid (GA) is a_ plant- 
growth stimulant produced commer- 
cially by fermentation. Chief among 
related compounds produced simul- 
taneously is the dihydro modification 

A,; HGA). The total 
concentration present in 
~10-500 ug/ml. 


(gibberellin 
gibberellin 
these liquors is 





TABLE 5—Interaction between Tritium 
Gas and Unsaturated Compounds 
% % 
Compound addition substitution 
100 0 
100 0 


Methyl sorbate 
Methy] oleate 
Methy] linoleate 100 0 
Vitamin A acetate 100 0 
Cyclohexene 84 
Isobutylene 53 47 
Cholesterol 45 





Structural formulas of these compounds 
are shown in Fig. 2. 

Gibberellic acid was tritiated by the 
Wilzbach method to an activity of 
100-200 uc/mg, which is in agreement 
with the value reported in Table 1. 
With this tracer available, isolation- 
process information could be readily 
obtained by processing fermentation 
liquors containing tracer in pilot-plant 
equipment and assaying liquors at each 
stage by liquid-scintillation counting. 

Such radiometric assays do not 
indicate the absolute concentration of 
GA in these liquors, nor do they indi- 
cate the amount of other gibberellins 
present such as HGA. In the absence 
of an HGA tracer, the derivative 
method is used to demonstrate the 
relative amounts of GA and HGA 
produced. The carboxy! group is first 
labeled by hydrogen exchange with 
tritiated water: 


RCOOH + H.°O = RCOOH: + H:,0 


The tritiated carboxyl group is then 
reacted with unlabeled diazomethane: 


RCOOH + CH.N; 
— RCOOCH;' + Nz 


The tritium-methyl esters formed are 
separable by paper chromatography. 
Measurement of the GA and HGA 
tritium-activity peaks permits compu- 





TABLE 6—Assay of Adrenal Tissue for Steroids 





11-Desoxy- 
hydro- 
cortisone 


Hydro- 


Sample Size cortisone 


11-Desozy- 
corticos- 
terone 


Corti- 
cos- 
terone 


Aldos- 


terone 








Gland 

Rat 
plasma 

Dog 
plasma 


0.5ml Ope % 


2.0ml 400 ug % 


5 gm 6.0 yug/mg 1.0 ug/gm 
0 ug % 


70 pg % 


2.3yg/gm 0.24 yg/gm 0.40 ug/gm 
750 ug % 19 pg % 6.8 ue/% 
150 ug % 


W7ug% 4.8 ug % 





Vol. 17, No. 12 - December, 1959 


tation of the ratio in which these acids 
are produced by the broth. Since the 
specific activities of the tritiated acids 
are not known definitely, double dilu- 
tion is suggested to evaluate the abso- 
lute concentration of these gibberellins. 

GA in plant tissue. A_ special 
problem arises in the analysis of small 
quantities of GA or HGA in plant 
tissue since isolation is incomplete. 
Baumgartner solved this problem by 
the double-labeling technique. 

Tritium-labeled GA (100-200 ue/mg) 
is added, as in the conventional isotope- 
dilution method, and isolation and 
purification are initiated. To deter- 
mine the amount of GA in the purified 
isolate, the latter is treated with 
C*H;N:, which converts the partially 
purified GA to the C'*H, ester. 

To facilitate final purification of the 
double-labeled isolate, a large excess of 
unlabeled ester is added as carrier. By 
this reverse isotope (C'*) derivative- 
dilution step, the amount of GA present 
in the isolate can be computed. The 
quantity present in the original broth 
is then determined by isotope (H*) 
dilution. 

Under these circumstances, one need 
measure by liquid-scintillation count- 
ing only the C'*/H? ratio in the final 
product. The GA present (X) in the 
broth is then computed from the expres- 
sion X = (A/S»o)(C/T), where C/T’ is 
the ratio of carbon to tritium activities 
in the final purified preparation, A is 
the activity (cpm) of the tritiated GA 
added, and Sp is the specific activity 
(cpm/mmole) of the labeled reagent 
C'H.N:. This yields X in millimoles 
of GA, from which the weight is readily 
calculated. This assumes that the 
weight of tritiated tracer is negligible. 
The steps in this analysis are shown in 
Fig. 3. An accuracy of 5-10% is 
claimed for samples containing 50-200 
ug of GA, 


~ * * 


This article is based on papers presented at 
the Symposium on Advances in Tracer 
Applications of Tritium held in New York, 
October 31, 1968, and sponsored by New 
England Nuclear Corp. in association with 
Atomic Associates, Inc., and Packard Instru- 
ment Co.,Inc. The Symposium participants 
referred to in the article are Charles Rosen- 
blum and H. T. Meriwether, Merck Sharp & 
Dohme Research Laboratories; Ralph E. 
Peterson, Cornell University Medical School; 
W. E. Baumgartner, Abbott Laboratories; 
R. F. Nystrom, University of Illinois; and 
H. J, Dutton, Department of Agriculture, 
Peoria, Ill. The complete proceedings of the 
symposium are available from the New Eng- 
land Nuclear Corp., 575 Albany St., Boston, 
Mass. 
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5,000 1 
tubing - = 
/ reservoir 


Storage 
container 


FALLOUT IS SIMULATED by running /200-curie cobalt-60 source at end of articulated 
“go-devil” through over 5,000 ft of flexible polyethylene tubing under impetus of 
water from constant-volume pump. Easily varied tubing arrangements are set up 
while source is still in shield. Dosimeters in building integrate dose over time, giving 
same result as would obtain if radioactivity were distributed over ground. Cobalt is 
chosen because its gamma rays have average energy reasonably close to that of both 
fresh and old fallout 


Simulating Fallout Fields 


By ERIC T. CLARKE and JOHN F. BATTER 
Technical Operations, Inc., Burlington, Mass. 


AEC HEADQUARTERS WAS CHECKED in this experiment, one of 

a series conducted for AEC and OCDM (Office of Civil and 

Defense Mobilization) to evaluate protection afforded by 

existing and proposed structures. Tubing through which source 

courses is apparent in foreground. Source starts and finishes 

in shield mounted on truck; pump is mounted on small trailer, not 

shown here 
DOSE IS MEASURED with 500 pocket dosimeters temporarily 
arrayed within building. Experiment was arranged so that 
minimum reading was 5 mr 
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Current Martin Nuclear Division Programs: 
Portable Packaged Power Plants 
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Radionuclide Power Sources 
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The eight divisions of The Martin Company are 
Activation, Baltimore, Cocoa, 


Denver, Nuclear, Orlando, RIAS, and Space Flight. 


Vol. 17, No. 12 - December, 1959 








FIG. 1. NOVEL SPARK COUNTER is used 
as survey-meter detector to distinguish be- 
tween uranium and plutonium contamination 


Instrument Development at Savannah River Laboratory —Ill 





Health Physics, Laboratory Instruments 


By J. N. WILSON 
E. I. du Pont de Nemours & Company 
Savannah River Laboratory 

Aiken, South Carolina 


This last of the series of articles on 
instrument-development activities at 
Savannah River Laboratory* is con- 
cerned with health-physics instrumen- 
tation and special instruments required 
for work in the laboratory. No at- 
tempt is made to describe instruments 
developed by the Savannah River Plant 
organization. 


HEALTH-PHYSICS INSTRUMENTS 


The original complement of health- 
monitoring instruments at Savannah 
River was purchased in large lots from 
commercial vendors. The instruments 
were. usually modified slightly to meet 
Savannah River Plant specifications 
and have performed well in service. 
Some problems have required the 
development of special instruments. 


Spark Counters 


Because of the arrangement of 
certain laboratory facilities, plutonium 
or uranium contamination was possible 


* The first part, ‘‘ Nondestructive-Testing 
Equipment,” was published in the Oct. '59 
NUCLEONICS, p. 90; the second part, ‘‘ Reac- 
tor, Process Instruments,”’ was published 
in Nov. '59, p. 140. 


in a particular hallway. A portable 
instrument was needed to distinguish 
between these nuclides if an alpha- 
emitting spill was found on the floor. 

The monitor developed 
spark-counter detector (Fig. 1), which 
provided a sensitive volume only 
lf, in. thick (1). The counter plate 
could be moved vertically by a 
micrometer screw. The alpha par- 
ticles entering the sensitive zone were 
detected both by the sound of the 
spark and by the flashing of the neon- 
bulb indicator (a scaler output was also 
provided). In this way, the alpha- 
emitting nuclide causing the contami- 
nation could be identified easily by 
measuring the path in air of the most 
energetic alpha particles. 


used a 


Scintillation Monitors 


The low altitude and high humidity 
at the Savannah River Plant made the 
operation of air-filled and thin-win- 
dowed proportional counters prac- 
tically impossible. Alpha hand moni- 
tors (2), alpha survey monitors (3) and 
alpha laundry monitors (4) were 
developed which employ zinc sulfide 
scintillation screens viewed by photo- 
multiplier tubes. 

These instruments have given good 
service and require much less mainte- 
nance than the proportional counters 
used in alpha monitors at other sites. 


Air Impactor 


A problem as old as the A-bomb is 
the detection of airborne particles of 
plutonium (5). The high alpha 
activity of the natural radon daughter 
contaminants of atmospheric air masks 
potentially dangerous plutonium con- 
centrations. Quick detection of even 
ten times the maximum permissible 
concentration (mpc) of plutonium* 
was impossible. 

This monitoring problem has been 
solved at Savannah River by the 
application of the G. W. C. Tait 
impactor (6) to a continuous monitor. 
The impactor depends on the fact that 
almost all man-made particles are 
larger than 0.5 micron, while natural 
particles carrying background activity 
are usually <0.04 micron (7, 8). Tait 
showed that a simple one-stage impac- 
tor can make an almost complete sepa- 
ration between the natural and man- 
made radioactive particles. 

Figure 2 shows diagrams of the sensi- 
tive continual monitor developed for 
laboratory use (9), together with a 
rugged continuous monitor developed 
by D. C. Collins (10) of the Savannah 
River Plant instrument assistance 
group for use in plant areas. These 
monitors automatically sound an alarm 


*One mpc of plutonium in air is 2 X 
10-1? ywe/em? for an 8-hr day. 
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DETECTION SYSTEMS ARE THERE! 
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We point; with great pride, to the part played by Riggs Multi-channel Remote 
Radiation Monitoring Systems chosen by General Ele 
Equipment Department for the new Dresden Nu ; 

it’s a double-feature occasion —that of being as 

as the Gommonwealth Edison Company’s Dre 

supply the equipment able to meet the requirem 
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Several Riggs Radiation Monitoring Systems are employed 

provide utmost reliability in the Safety Engineering of this 





Model AMS-II 
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Here goes another shipment 
of ready-to-install radiation 
shielding windows from Corning 


This picture was taken at our Harrods- 
burg, Kentucky, plant. 

What you see are Corning Radiation 
Shielding Windows awaiting shipment 
to a major customer. When they arrive 
at the “hot cell” for which they were 
designed, all that remains to be done 
is to install them. 

That’s because everything up to the 
point of installation has been done by 
Corning. 

How do you get ready-to-install win- 
dows for your “hot cell’? Just tell us 
your energy level, wall thickness, and 
desired viewing area. We'll take it from 
there. 


Once you’ve approved our plans and 
prices, we make the special glass 


of its hardware, and ship it to you—on 


schedule. You make the installation | 


and you’re ready to go—with a window 
that’s tailor-made for your needs. 

If you’d like more details—includ- 
ing all the pertinent data on the special 
radiation shielding glasses we make— 
ask for our booklet on that subject. Or, 


spell out your problem in specific | 


terms. Either way you'll hear from us 


promptly. Address inquiries to Plant | 


Equipment Sales, Corning Glass 
Works, 16 Crystal St., Corning, N. Y. 


CORNING GLASS WORKS 


f CORNING 


MEANS 


RESEARCH IN GLASS 
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FIG. 2. CONTINUOUS ALPHA MONI- 
TOR for airborne contamination gives 
alarm in 10 min for 1 mpc of plutonium. 
Operation depends on impactor to dis- 
regard notural background since latter 
is carried on smaller particles. At top 
is laboratory design; at bottom, rugged 
plant model 


in <10 min if 1 mpc of plutonium is 
present arid will give an alarm in <2 
min if 100 mpc is present. The 
Collins model (Fig. 3) will operate 
continuously for a week under plant 


conditions. These monitors have de- 


| tected momentary bursts of activity 
| that had not been detected previously 
7 | by filter-paper techniques, because such 
plates, assemble the window with all | 


Sac 


FIG. 3. CONTINUOUS MONITOR for 
airborne alpha particulates operates for 
168 hr without attention (see diagram, 
bottom of Fig. 2 
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<2 
denominator 
of all Picker instruments... 


reliability, day in and day out 
simplicity of operation 

ease of maintenance 

unique versatility 





~% 
& - 
s®ea on © © 


for imstance... 
in high efficiency measurements of 
alpha and soft beta radiation 


this PROPORTIONAL FLOW COUNTER 
is hard to beat 


windowless operation or ultrathin window 
(under 0.15 mg/cm?) 
uses cheap, plentiful Methane gas 
(commercial grade: purity not critical) 


operates at less than 3000 volts 





resolving time less than 1 microsecond 
built-in amplifier 

separate long alpha and beta plateaus 
works with automatic sample changer 


Get the story from your local Picker man. 
There’s probably a Picker District office 
near you (see local phone book) or write 
Picker X-Ray Corporation, 25 South 
Broadway, ite Plains, New York. 


PROPORTIONAL FLOW COUNTER 
with Windowless Sample Changer 
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FLOW COUNTER with FLOW COUNTER with 
Manual Sample Changer Automatic Sampie Changer 


& 








@ Completely automatic monitoring. 
@ Safe, error-proof, and easy-to-use. 
@ Wide range of warning levels. 
2 
e 


Positive warning of incomplete check. 
Includes external clothing probe. 


Model HSM-10 provides completely automatic 
detection and measurement of beta-gamma contam- 
ination on the back and palm of each hand and the 
bottom surfaces of both shoes. No skill is required in 
its operation. The user simply follows the instructions 
on the illuminated multi-colored panels at the top of 
the instrument. The Model HSM-10 employs the 
decade scaling principle and provides register reac 
outs for error-proof counting. It offers an unusually 
wide range of operating limits and warning levels 
and thus can serve any health physics requirement. 


Write for Bulletin No. 167 


2 new T/A MONITORS! 


PPM-8 PORTAL MONITOR provides a quick, effi- 
cient ec ical method of “head to toe’ monitoring 
of personnel entering or leaving a controlled area, 
and thus prevents the spread of contamination. 


LIM-18 LAUNDRY INSPECTION MONITOR is a 
simplified low-cost inst t for itoring 
clothing and equipment worn in beta/gamma 
contaminated areas. 

















Write for Bulletin No. 168 


TECHNICAL ASSOCIATES 


140 WEST PROVIDENCIA AVENUE + BURBANK, CALIFORNIA 
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techniques required large air volumes 
to obtain good average readings. 

Because of the impactor dependence 
on size, processes that produce par- 
ticles that subsequently diminish in 
size and weight by evaporation or 
sublimation cannot be reliably moni- 
tored. As with other health-physics 
instruments, the impactor monitor 
must be applied with caution and 
knowledge of local conditions. 
Tritium 

The irradiation of heavy-water mod- 
erator in the Savannah River reactors 
produces small quantities of tritium as 
a by-product. The handling of the 
exposed heavy water causes occasional 
tritium contamination problems. 

Tritium emits a beta ray with an 
average energy of only 6 kev, which is 
stopped by a few centimeters of air and 
is thus difficult to detect. Tritium 
surface contamination can be detected 
by an open-ended G-M tube flushed 
with counting gas (11). Urinalysis for 
tritium is aided by a special liquid 


| scintillator (12, 13) and by an explo- 
| sion-proof ion chamber (14) for use with 


samples prepared by electrolysis. 

A simple surface monitor has been 
developed to detect tritium contamina- 
tion (15) (Fig. 4). It is an open- 
ended dosimeter, which can be charged 
and read as if it were a normal pocket 
chamber. The extension of the electric 
field beyond the face of the chamber 
allows the monitor to detect tritium 
contamination on a very rough surface. 
A number of charged monitors are 
distributed on a suspected surface and 
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FIG. 4. SURFACE MONITOR for tritium 
contamination, At bottom is electric 
field produced by charged electrode 
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ASCO Valves 


Automatic Switth Co. sam HANOVER RD., FLORHAM PARK, N. J., FRONTIER 7-4600 


AUTOMATIC TRANSFER SWITCHES * SOLENOID VALVES « ELECTROMAGNETIC CONTROL 
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ELIMINATE 


New 3 Position, 

4 Way Solenoid Valves 
Feature Dead Tight 
(Poppet Type) Seating 





ASCO’s new 8 position 4 way (Bulletin 
8347) permits no leakage on air or liquids, 
assures precision positioning and positive 
locking of cylinder piston. Graduated 
(inching) or full stroke of piston may be 
obtained by regulating the length of time 
each solenoid is energized. When both 
solenoids are de-energized, the valve as- 
sumes a center position. All orifices are 
blocked, locking the cylinder piston at any 
point in the stroke. 


Simple valve design (only moving parts 
are 2 solenoids and 4 diaphragms) and 
overall rugged construction provide mil- 
lions of trouble free operations. These 
new valves can be mounted in any posi- 
tion, are available in %” and %” pipe sizes, 
handle air, water and oil at pressures to 
250 p.s.i. Bulletin 8347 Valves are stocked 
for immediate delivery. 


ASCO Solenoid Valves are stocked at the 
Florham Park Factory, and at warehouses 
in Chicago and Los Angeles. WRITE for 
catalog literature on the new Bulletin 
8347, and for the new ASCO Stock List 
and Selection Guide (Publication 506) 
listing the world’s largest stock of sole- 
noid valves for immediate delivery. 
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COPES-VULCAN 


nuclear valves at 


ENRICO FERMI 


atomic power plant 


This liquid sodium valve is one of three | 


Copes-Vulcan has furnished to serve as 


throttling devices in the blanket feed lines | 


at the Enrico Fermi plant. 
In leak tightness of stem, resistance to 


corrosion, fail-safe operation, and remote | 
maintenance, these valves meet the rigid | 


requirements demanded by primary-fluid 
nuclear service. 


A new high in quality control. All 
welds were made by an inert arc, full 
penetration method to assure 100 % integ- 
rity of the metal. Each root pass and 
completed weld was dye checked, each 


completed weld x-rayed. All sub-assem- | 
blies and each final assembly were leak | 
tested hydraulically. Each valve was then | 
disassembled, cleaned, reassembled, in- | 


spected by a mass spectrometer, and sealed 
for shipment. 
Extensive hydrostatic testing facilities 


at Copes-Vulcan include a hot test loop | 


that will pass up to 50 gpm at 2500 psig 
and 600 F. Two cold test loops have 200- 
gpm and 800-gpm capacities. 


Nuclear valves for submarines, car- 
riers, atomic plants, and test reactors. 
For all these advanced projects, Copes- 


Vulcan is building valves. Here’s real proof 


of the acceptance of Copes-Vulcan’s skill 
and integrity in a field where precision is 
a critical requirement. You are invited to 
inspect Copes-Vulcan facilities. 


Valves are ‘‘canned” with the inner assembly 
placed in a sealed container from which it can 
be removed by an automatic manipulator with- 
out draining the system. 


Copes-Vulcan Division 
BLAW-KNOX COMPANY 
Erie 4, Pennsylvania 
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| are then collected and read after being 
exposed for a suitable time. 


Long Probes 


Long-handled monitors are always 
in demand in an atomic-energy facility. 
They can be used in air or under water, 
and models may be required with 
sensitivities ranging from a few milli- 
roentgens to millions of roentgens per 
A number of practical devices 


kind 


hour. 
of this 
| (16-18). 


| Cold-Cathode Circuits 


Dekatron counting tubes, neon bulbs 

| and the new Nixie indicator tubes are 
all familiar cold-cathode tubes used in 

instruments. Cold-cathode 
| trigger tubes are less familiar in this 
field in the U. §., although they have 
been to 
England and Canada (19). 
of novel cold-cathode circuits have been 
(19) for use in portable 
monitors (17), 


have been developed 


nuclear 


S. 
advantage in 


A number 


used LOC rd 


developed 


G-M_ tube portable 









































FIG. 5. COLD-CATHODE G-M CIR- 
CUITS. There is no battery drain 
except during actual counting 


December, 1959 - NUCLEONICS 














4-47 ppt 


220k 80 
500 





GR 





FIG. 6. COLD-CATHODE ELECTROM- 
ETER CIRCUIT used as photometer. 
Cold-cathode tube is triggered at rate 
proportional to photocell current; sim- 
ple RC counting-rate circuit provides 
readout 


alpha monitors (3) and a laundry 
monitor (4). 

Cold-cathode trigger tubes can be 
used in portable G-M survey instru- 
ments. Figure 5 shows two circuits | 
developed for this purpose. The in- 
struments draw battery current only 
when they are actually counting. A 
novel electrometer circuit using cold- | 
cathode tubes is shown in Fig. 6. The | 
trigger tube puts out pulses at a rate 
proportional to the current in an ion- | 
ization chamber or phototube. Inte- | 


grating the output pulses with an RC | | 


| §& 


circuit gives an output current over ten 
thousand times greater than the input. 
It has been shown (19) that the | 
stability of these circuits is greatly 

enhanced by illuminating the cold- 

cathode surface with a small neon glow | 
tube or by using a separate diode sec- 

tion inside the tube envelope for the 

samepurpose. Thephotoelectric effect | 
produces a supply of ions, which can 

then “start” the tube whenever the | 
firing potential is reached. 

A compact preset counter was 
developed for hand-and-foot monitors 
(20). Thesubstitution of cold-cathode | 
tubes in these instruments will save 
many man-hours of maintenance time 
now spent in replacing thermionic | 
tubes. A medium-speed register using | 
cold-cathode tubes was developed with | 
instant start, stop and reset features 
(21). This register can be used in 
routine counting-room work to elimi- 
nate counting errors due to the inertia 
of mechanical clocks and registers. 


LABORATORY INSTRUMENTS 


Many different types of instruments 
have been developed for use in the 
Savannah River Laboratory itself. 
Examples are a remotely controlled | 
metallograph (22), a versatile labo- | 
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New Cary Model 32 Electrometer 
measures C™ activity of less than 10° 
curies per mg BaC"Os, H® activity 

to 10°° curies per mg H® 


Saves time, money and hench space: 
© High sensitivity allows use of smaller quantities of 
expensive tagged compounds 
¢ Simplified operating procedures speed analysis 
* Compact design requires only one square foot of bench space 


The high sensitivity and stability of the Cary Model 32 make it particu- 
larly valuable in determinations of C!4 and H3 in biological and chemical 
samples. The high sensitivity permits use of minimum amounts of 
costly tagged materials which reduces the hazard to living experimental 
subjects. In addition, savings resulting from the use of minimum 
amounts pay for the instrument in a short time. 

Accessories further increase the versatility and convenience of the 
Model 32. These include spherical ionization chambers for gas phase 
samples, slide chambers for solid samples, shielded enclosures, resistors, 
and a pH electrode adapter. 


(4 TT For descriptive literature 
<; y on the many ways the 
uae ae Cary Model 32 can serve you, 
| a’ | ask for data file K-15-129 


Electrometers * UV —Visible— Near IR and Raman Spectrophotometers 


APPLIED PHYSICS CORPORATION + 2724 So. Peck Rd., Monrovia, Calif. 
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ways better at 
watching over you 


Picker Gardray 
Radiation Badges 


1 wide intensity range 


Records exposures low as 50 mr, high as 
300,000 mr. 


2 wide energy range 

Gamma, beta, x-rays (soft and hard) neu- 
trons, single or mixed exposures. 

3 “control” safeguard 


Separate control badge guards against 
accidental fogging. 


4 double-sure identification 


1 code 2 poy - wrapper 
2 x-rayed on film 





5 no loading or unloading 

Wear badge as received, return it intact. 
6 prompt reporting 

Dependable, easy-to-read, too. 

7 compact, lightweight 

See size above: less than | oz. 


8 attractive, unobtrusive 


Clips on firmly, won't catch clothing. 


9 durable 


Secure snap-locks, 
won't break. 


won't come undone, 


To subscribe, call any Picker X-Ray 
local office (see your ‘phone book) or 
write to Picker X-Ray Corporation, 
25 So.Broadway, White Plains, N.Y. 
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(esting by-product 





| transducers, while ‘‘ time markers” 
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FIG. 7. VARIABLE ULTRASONIC DELAY 
LINE. Surface-wave transducers trans- 
mit and receive ultrasonic waves that 
follow spiral between grooves cut in 
aluminum cylinder 


ratory servo amplifier (23) and a simple 
slit-control mechanism_for 
The SRP 
counting rooms were equipped with an 


automatic 
infrared spectrometers (24). 


and various 
adapted 


especially designed scaler 
27), all 
to work directly into the scaler. 
Ultrasonic delay line. An 
of the work 
ultrasonic nondestructive testing is an 
ultrasonic delay line that utilizes sur- 
face (28). An expe ‘rimental 
model is shown in Fig. 7. The 
face generated 
ium titanate transducers mounted on 
Plexiglas holders. The holders are cut 
so as to project the ultrasonic beam 
onto the aluminum surface at a 
67-deg angle, which is the ‘critical’ 
angle for a Plexiglas-aluminum inter- 
face. The surface waves follow around 
a spiral cut in the surface of the 
aluminum cylinder. The delay time 
can be readily changed by moving the 
can 


inter- 


on 


waves 
sur- 
bar- 


Waves are with 


| be introduced by scoring the aluminum 


| 





| and use. 


surface to produce partial reflections. 
The length of the delay depends on | 
| the wave velocity on the aluminum 
| surface (6,500 ft/sec) the path | 
| length. The delay line shown in Fig 
7 had a maximum signal path length of 


and 


39 ft, giving a maximum delay of 0.006 


sec at ambient conditions. The preci- 


sion is a function of the temperature 


| control. 


Photomultiplier tester. The use of | 
more than 1,200 photomultiplier tubes | 
at Savannah River resulted in | 
considerable interest in their selection 
A flashing light source was 


has 


| developed (29) to test the sensitivity 


and resolution of the photomultipliers 

as they are received in the plant. By | 
masking the tube face, the uniformity 
of the photocathode can be determined | 
terms of its resolution. The 


in de- 
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SCINTILLATORS 


for neutron 
detection 


® Boron Polyester (type 
NE400) detectors with 
natural or enriched B10 
for thermal neutrons. 


® Fast neutron detectors 
(type NE404) consist of 
ZnS(Ag) in hydrogen- 
ous medium with effici- 
ent annular light guide 
system. 


® Plastic Phosphor NE102 
(now furnished with 
new efficient compacted 
powder reflectors) for 
fast neutron detection by 
proton recoil. 

® Liquid Scintillators load- 
ed with Cd, Gd, B or Sm. 

Other products include 

new detectors for tracer 

counting and radio-auto- 

graphy. 
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The revealing face of an iron crystal 


A single crystal is an ideal system for studying the solid state. 

Physicists at the General Motors Research Laboratories have turned to 
whisker-like growths of nearly perfect single iron crystals 

to investigate three intriguing phenomena: magnetic domains, dislocation 


defects, and—more recently—high temperature oxidation. 


In this latest study, the two crystallographically different surfaces 

found on iron whiskers are being used to examine the anisotropy 

or axial-dependent nature of the oxidation process. 

In early stages of oxidation, the oxide patterns that form on clean surfaces 
have been found to be strongly dependent upon the orientation 

of the underlying crystal. In later stages of oxidation, tiny oxide 

‘cilia’ actually grow on the surface of the iron whisker. 

But these new whiskery forms of oxidation are no longer related to 

the crystal's surface arrangement. The next step in this program 

involves correlating the oxidation behavior with lattice structure defects 


such as vacancies and dislocations. 


This type of solid state research is revealing 

the atomic processes underlying strength, magnetic characteristics, 
and corrosion resistance of metals. At GM Research, 

we believe the solution to practical problems is increasingly dependent 
on fundamental information such as this. And each solution 


enables us to continue to provide “More and better things for more people.’ 


GENERAL MOTORS RESEARCH LABORATORIES 


Early Oxidation Oxide Whiskers Reduction of Oxide Products 
(750 x) (12,000 x) (2500 x) 
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Yes, Victoreen has it— 
the latest version of the 
ORNL DD-2 amplifier. 
Victoreen’s Model 851 
Linear Amplifier is now the 
standard of the industry. 
For scintillation spectrometry, 
reactor control, and other 
applications requiring high gain, 
fast resolution, good linearity, fast 
overload recovery—you’ll need the 
Victoreen Model 851 DD-2 amplifier. 


The Victoreen Instrument Company 
5806 Hough Avenve * Cleveland 3, Ohio 
Export Deporiment, 135 Liberty Street, New York 6, N. Y. 
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pendence of photomultiplier gain on 
temperature was also studied (30). 
The extensive use of scintillation 
probes in continuous-process-monitor 
applications has emphasized the prob- 
lem of fatigue in the gain of photo- 
multiplier tubes. Fatigue has been 
shown to be greatly affected by the 
migration of the cesium on the tubd 
elements (31). 


1. 
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Southern California Edison’s electric power station utilizing SRE heat 
energy, located northwest of Los Angeles in the Santa Susana Mountains. 


“PEACEFUL CO-EXISTENCE"-(ot sodium & water) = 
AT SANTA SUSANA 


Everyone knows sodium and water do not mix—peace- 
fully. Therefore, in addition to normal functional require- 
ments, the Sodium Reactor Experiment demands a Steam 
Generator which minimizes the possibility of these two 
liquids coming into contact. 


To solve this problem The Babcock & Wilcox Company 
designed and manufactured a tube-within-a-tube steam 
generator. A mercury-filled annulus between the tubes 


assures continuous separation of the sodium and water. 
The success of B&W’s design has been amply demon- 
strated as SRE goes into its third year of operation. 


Successful resolution of unusual problems in the steam 
generating field has become synonymous with B&W, 
Perhaps we can help you. The Babcock & Wilcox Com- 
pany, Boiler Division, Barberton, Ohio. 


THE BABCOCK & WILCOX COMPANY 





BOILER DIVISION 


Complete nuclear systems, cores, components, fuel elements, nuclear research and development 
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Uranium Analysis 


by Gamma Absorptiometry 


By R. E. CONNALLY 


Hanford Atomic Products Operation, General Electric Company 


Richland, Washington 


A gamma absorptiometer (Figs. 1 
and 2) employing a 10-mg Am*! 
source has been developed for the 
laboratory analysis of uranium solu- 
tions. The standard deviation for a 
single determination is less than 0.15% 
over the range 25-100 gm/1 U. 

The instrument handles this range of 
concentration with a 25-mm X 19-mm- 
diameter sample cell. The system 
must be standardized twice a day to 
compensate for photomultiplier gain 
drift. 

Light-element interference is low; 
for example, 30 gm/] aluminum is 


equivalent to 1 gm/1U. Fission prod- 


uct interference, however, can be severe 
because of the radiations emitted: 
200 uc/l Cs'*’-Ba’*? produces an error 
of 1% at 5 gm/1 U concentration. 


Source and Sample Cell 


Am**! was selected as the source be- 
cause of its low-energy (60-kev) and 
nearly monochromatic emission and 
long half-life. Ten milligrams (30 mc) 
with a photon emission rate of ~ 2.8 
X 10?° dpm was censidered sufficient 


FIG. 2. ABSORPTIOMETER arrange- 
ment with source holder at bottom 


\60-kev gamma source 
30 me {Crystal and 
Am 241 1 photomultiplier 
Gamma detector 
Absorption cell 
High voltage supply 
Strip-chart recorder <——————4 
FIG. 1. GAMMA ABSORPTIOMETER 


determines solution concentration by 
gamma attenuation by sample cell 

















for a high-sensitivity detector. The 
Am**! was prepared as Am(OH); and 
placed in an aluminum capsule in the 
safe source holder shown in Fig. 2 (1, 2). 
Glass sample cells* used with optical 
photometers have been used. The 
inside dimension is held to a tolerance 
of +0.01 mm, but the outside dimen- 
sion must be ground to this tolerance to 
reduce the bias between sample cells to 
less than 3¢9 gm/l. The 25-mm cells 
selected have inside diameters of 
19 mm. Brass collimators, }¢ inch 
thick, with 16-mm holes are placed at 
both ends of the sample cell to reduce 
the required accuracy in cell position. 


Detector System 


An ion chamber is more reliable and 
a scintillation detector is more sensitive 
as the absorptiometer detector. How- 
ever, the current from a lead-lined, 
air-filled chamber is only 5 X 107" 
amperes. At such a low current level, 
and with damping to yield reasonable 
response, the statistical fluctuation 
exceeds the precision desired. For 
better efficiency, a scintillation detect- 
ing system employing a Nal (TI) 
crystal 2.0 cm in diameter by }4-mm 
thick is used. This thickness, which is 
1.7 halfthickness to 60-kev photons, 
was selected to minimize response to 
any higher energy gamma radiation. 
Although yielding 85% detection effi- 
ciency to the source photons, this 
crystal affords only about 1.4% absorp- 
tion of the 0.66-Mev photons from 
Cs!47-Ba}37, 

The photomultiplier used was a 


*Style D, American Instrument Co., 
Silver Springs, Md. 
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TABLE 1—Percent Precision versus Uranium Concentration 





10 gm/l 25 gm/l 50 


gm/l 100 gm/l 150 gm/l 250 gm/l 





I/Io 


Precision 0.8% 0.27% 


l/e 
0.20% 


1/e? 


0.23% 0.42% 1% 





RCA 6655 A. Tube operation at a 
current gain of 10° made it feasible to 
record the current directly with a high- 
input-impedance potentiometric re- 
corder, eliminating the micro-micro- 
ammeter usually required. 

Zero suppression, in ten 8-mv steps, 
was incorporated into a 10-mv recorder 
to obtain an expanded scale of 90 mv 
with 0.05% reading accuracy, as 
shown in Fig. 3. In normal use, the 
photomultiplier high voltage is ad- 
justed to yield 72 mv (80% of full 
scale with 64 mv suppression) at zero 
concentration of uranium. 


Discussion 


As a first approximation, we can 
assume that beam attenuation is 
expressed by 


T/T 


e-¥mCL 


(1) 


where J, is incident gamma beam 
intensity, J is intensity after passage 
through the heavy-element solution, 
im is the mass absorption coefficient of 
the heavy element, C is the concentra- 
tion, and L the cell length. 

If the detector error is a constant 
quantity for all values of J, it can be 
shown that maximum precision will 
occur when the transmittance of the 
solution is 1/e. However, when the 
detector error is proportional to +/T, 
as is the case with low-level radioactive 
sources, it can be shown that maximum 
precision will occur when the trans- 
mittance of the solution is 1/e? (2). 

In practice, detector error is due to 
both of the above factors in a ratio 


Type 6655 


depending upon source activity and 
detector system. 
From Eq. 1, if 
l/e < I/Io < 1/e? (2) 
then 
1/unC < L < 2/pnC (3) 


Optimum sample cell length can be 
selected from Eq. 3 for any sample 
concentration. The selection not 
critical, as the curve of precision as a 


18 


function of L is nearly flat in the region | 


defined by Eq. 3. 

The precision obtainable for a given 
application of an absorptiometer is a 
function not only of sample-cell length, 
but also of (1) source activity, (2) 
detector geometry factor (solid angle 
+ 4m steradian) and efficiency, and (3) 
readout damping factor. 

The readout damping network shown 
in Fig. 3 was designed to yield a valid 
reading within 1 min after sample-cell 
insertion. However, a 2-min readout 
is used where feasible. The two- 
section RC filter gives a faster readout 
than a single-section filter of the same 
damping factor. 

The precision data in Table 1 are for 
the 95 % confidence level for each of ten 
determinations, each reading being the 
average chart reading over a 2-min 
period. 

The precision values in percent 
uranium concentration are calculated 
from the recorder output data by 
substitution in 

AI X 100 


1° elCU 
(Continued on p. 100) 
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FIG. 3. PHOTOMULTIPLIER-DETECTOR circuit of absorptiometer 
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E.M.!i. PLUG-IN 
KLYSTRONS 


FOR EXTERNAL CAVITIES 


E.M.I. Electronics Ltd. produces the 
largest selection of plug-in  refiex 
Klystrons available, covering 500 Mc/s- 
12,000 Mc/s, with a further tube under 
development designed to operate up to 
above 20,000 Mc/s. In addition, E.M.I. 
provides an extensive range of suitable 
cavities, both for narrow and wide-band 
tuning. 

Plug-in Klystrons offer important ad- 
vantages, including: 

%* Low Replacement Cost. An expensive cavity 
is not thrown away and a replacement 
tube is very much cheaper than an inte- 
gral-cavity Klystron of comparable per- 
formance. (e.g. the RK 6112A, an ‘8S’ 
band plug-in L.O., costs $50). 

* Practical Convenience. Tube replacement is 
greatly simplified. 


* Consistency of Characteristics. Concentra- 
tion on a limited range of plug-in tubes 
brings benefits in improved electrical 
tolerances, uniformity, reliability and 
life. 


* Flexibility in Cavity Design. Design can be 
any desired compromise between tuning 
range, frequency stability, weight and 
cost. Latitude is also permissible with 
resonator shape and type of output 
coupling. 


E.M.I. ELECTRONICS LIMITED 


Full details 

on application to 
Valve Division 
Hayes, Middlesex 
England 
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TABLE 2—Absorption of 60-kev Pho- 
tons by Typical Sample Constituents 


Concentration 
] 


Mass 


absorption 


(gm 
equivale nt lo 
1 gm/l 


urantum 


coe ficient 


Constituent (tm) * 


HNO; 

O 

H.O 

Mg 

H.SO, 

Al 

H 

Ca 0 

Fe I 

Pb 5 
U 7 


Pu 


10 
39 


186 
189 
204 
253 
261 
270 
326 
648 
20 
32(5) 
5(1) (6 
8(6) 


36 


aon & 


PAL) 
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* Taken from NBS Circular 583 unless 


noted otherwise. 





| tions, 





| fission product concentration in the} ”* 


which is obtained from the derivative of 


Eq. 1 
Light-Element Interference 
In 


many absorptiometric applica- 
the light-element constituents in 
the heavy-element solution can intro- 


duce 
I/TIo 


appreciable errors as 


Mmil iL) (¢ Mm2C 2L) ( 


Thus, 


elements in high concentrations. 


correction is required for light 
The 
total mass absorption coefficient for 
several elements is an average of the 
mass of the} 
constituent elements, weighted in pro- | 
portion to the abundance of 
element by weight. 

Mass absorption coefficient data | 
tabulated in NBS Circular 583 (4) can 
be used with Eq. 5 to establish the | 
light-element interference, as shown in| 
Table 2. For precision work, the} 
interference should be evaluated ex- 
perimentally. Recent data (1, 4, 6) 
shown the need to correct the 
60-kev lead and uranium mass absorp- 
tion coefficient listed in NBS-583. 


absorption coefficient 


each 


has 


Gamma Interference 


The effect of the radiations from 
natural uranium on absorption meas- 
urements is negligible. However, the 


sample may have a significant effect, | 


NUCLEONICS 


tells the 
businessman 
about your 
industry 


Startling, exciting technological develop- 
ments in nucleonics are constantly being 
reported in the press and weekly news 
magazines, 

Too often, these developments, when 
non-military, are vaguely tagged “atom- 
ic” “scientific,” with the implication 
that they are laboratory curiosities, 
stead of part of a going and growing 
nuclear industry. Too often, when mili- 
the major role of private industry 


or 
:n- 


tary, 
in these developments is not appreciated. 
We believe it is vital for the non-tech- 


| nical business man to know the facts. To 
tell him, we’re using the ad opposite — 


first of a series—in BUSINESS WEEK, & 
magazine that reaches a cross-section of 
management in every field. 

There’s a good chance you'll be meeting 
many of these businessmen in the future: 
as customers, suppliers, sources of finance 
— even as competitors. We can’t say how. 
But we are sure that wide knowledge and 
correct identification of the products of 
the nuclear age can only contribute to the 
growth and prosperity of the nuclear in- 


dustry. 9-29A 


@NUCLEONICS®@ 


.. the voice of the nuclear age 


A McGRAW-HILL PUBLICATION 
330 West 42nd Street, New York 36, N. Y. 
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Nuclear Navy means business for U.S. industry 


World’s biggest nuclear power reactor construction program! 
That's the distinction the U. S. Navy’s atom-fleet-building pro- 
gram has held since the power plant for the famous NavuTILUS 
was ordered more than ten years ago. 

In that period, the Navy has spent an estimated $3.1-billion 
on nuclear construction. Add to that another $495-million spent 
in the same period by the Atomic Energy Commission on the 
Naval program and you have a total of nearly $3.6-billion — 
most of it channeled to private industry through prime con- 
tractors, subcontractors, and a veritable host of suppliers. 

But read the whole fascinating story of “Building the Nuclear 
Navy,” a 13-page non-technical report reprinted from NUCLE- 


ONICS magazine, available to readers of this ad in BUSINESS WEEK 
at 75 cents each, Its scope, size, opportunities, future growth — 
and its difficulties are all objectively treated. You may find it 
opens a whole new field for your company’s products or services, 

Nucleonics today — and the Navy program’s only part of it — 
is big business, and it’s growing at an astonishing rate. 

As a market, it requires an immense variety of products and 
services, and the way to sell these products and services is 
through NUCLEONICs magazine, the authoritative voice of inter- 
national nucleonics, reaching key buyers in the nuclear industry 
as well as in all industries employing the atom. Use its pages to 
sell your products and services to this dynamic field, 9-29 


NUCLEONICS ... the voice of the nuclear age 


A McGRAW-HILL PUBLICATION + 330 West 42nd Street, New York 36, N. Y. 
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LEAKS” 


Aeronauts know, and so do scientists, engineers and 

designers ...leaks are hazardous. You'll find sure-stop 

solutions to leakage problems in CEC’s complete 

line of helium/mass spectrometer leak detectors... 

capable of locating and measuring leaks that pass 
only | atm ce of air in 66 years! 
Use them to calibrate leaks of 
10° magnitude .. . for quality 
control and MIL spec checking ‘ 
of both evacuated and pressurized components. For rapid 
response, increased sensitivity, and long trouble-free life, 
depend on the mobile Type 24-110A, above, or the portable 
Type 24-210A, shown with its mobile workstand. For com- 
plete information on these sensitive, trouble-free instru- 
ments, call your nearest CEC sales and service office or 
write for Bulletins CEC 1838-X23 and CEC 1830-X45. 


Analytical & Control Instrument Division ( +—C 


CONSOLIDATED ELECTRODYNAMICS / 360 sierra madre villa, pasadena, california 
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indicating a low apparent heavy- 
element concentration. To determine 
the extent of this effect, a study was 
made using Cs!*7-Ba'*’ as a typical 


| gamma-emitting fission product. 


The Cs!*’ solution, in the standard 
25-mm cell, increased the detector 
response 0.37 mv/mc/liter. This is 


| equivalent to a —5% error per 
| millicurie per liter Cs'*’ solution at a 


uranium concentration of 5 gm/liter, 
and about —2.5% error at 100 gm/liter 
uranium. Thus, for a 10-mg Am**! 
source, without compensation, and a 
maximum allowable error of 1%, the 
fission-product tolerance is limited to 
200 ue/liter or less over the concentra- 
tion range of 5-100 gm/liter. This 
tolerance can be increased by increas- 
ing the source activity, and thus in- 
creasing the absolute current change 
per unit uranium concentration. How- 
ever, there is a practical limit to this 


| approach, aside from cost, since self- 
| absorption becomes appreciable in an 


Am**! source at densities greater than 
about 200 mg/cm’. 

It is possible to compensate for 
fission product interference by reading 


| each sample twice—with the source 


“on” and “off’’—taking the difference 
as the measure of the uranium con- 
centration. By this means, fission 
product levels up to about 100 mc/liter 
can be tolerated. 


Plutonium Analysis 


The absorptiometer can also be 
applied to the analysis of plutonium 
solutions. 

Although the mass absorption coeffi- 
cients for uranium and plutonium are 
very nearly the same, the gamma flux 
from a plutonium solution can be quite 
significant for a 10-mg or smaller Am**! 


| source. The growth of both Am*! and 


U*37 from Pu! beta and alpha decay 
must also be considered for plutonium 
solutions that are not freshly separated. 
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ods of frequency response and their application 
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control systems. It explains the analysis of com- 
plete systems by means of highly effective tech- 
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tical problems. Covers theory with attention 


given to distance-velocity lag, linear lag, and PRECISION 
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controller responses, and closed loop perform- 


ances are explained, and all of these fundamentals 
are applied to actual process control problems. 
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U. 390 pp., 6 x 9, 267 illus., $11.50. 


INSTRUMENTATION IN 
SCIENTIFIC RESEARCH| °*®° ee eee eee 


Electrical Input Transducers 
Just Published. A complete collection of basic 
methods and systems used as input transducers in 
electrical instrumentation. Virtually all trans- 
ducers for mechanical, thermal, magnetic and 
electrical quantities, and optical and nuclear 


radiation are covered. For each transducer 


€ 
book describes physical mechanisms, relationships D | F r c os 
between input and output, applications and limi- 


tations, a, response % a age — 
Inst. of Tech. 310 pp., 297 ilius., $9.50. VOLTMETER 
INTRODUCTION TO MODEL 803 


NUCLEAR ENGINEERING AT YOUR FINGERTIPS 
Takes a di -to- h_ engineeri ch 
dhe saskoorcungy Sak, Shemini teal ea FEATURING < 
topics as reactor theory, radiation shielding, re- Precise measurements of either 


ce eten ak Ain eee a Standard Cell Refer DC . ° ° 
ing, remote handling, etc. New edition brin ence. or AC voltages with this field 
— —_ | tay ne ay ss Bd proven if instrument 
ichara Ste enson, former: mor ~ 4 : H 7 
gineer, Oak Ridge National Laboratory. 2nd Direct in-line readout 
at, OS Dy UY Rie aes ee Mirror Scale Meter Use the 803 as an AC Differential 
6 books in one! Eight Search and four Voltmeter, DC Potentiometer or 
y: Null ranges DC/AC VTIVM 
ENGINEERING MANUAL 3 INSTRUMENTS IN ONE 


ick ers to engineering problems 
Kk felds outside your own—a practical 
reference of data and methods in goceieastaee 
chemical, civil, cecuicel, masons ae Accuracy: 05% aii a 
i . Cove “need : 
= 4 everything {fom basic princiglts ©. engut Valtane enaen: $00-90-S-Sv 

ications. Prepared Dy 4 sta e 
i ae Perry, U. of Oklahoma. 680 pp., Null Ranges: 10-1-.1-.01v 


Os es. on Input Resistance: Infinite at Null 
FREE EXAMINATION Resolution: .005v at 500v to .00005v at .1v 


PLA RRA 


OV, 


— 


SP PRIEST OPO 








See for 10 days free Accuracy: .2% from .5 volt to 500 volts from 


30 CPS to 5 KC 
pega 34 A C Input Voltage Ranges: 500-50-5v 


| McGraw-Hill Rock Co., Dope, FNU-12 Null Ranges: 1|0-1-.1-.0lv 
] yraw-Hi ep . - 
| 327 W. 4ist St., N.Y.C. 36 imput Impedance: | Meg. shunted by approx. 
Send me book(s) checked below for 10 days’ || 5 f 
| enaminetion o *P —e. > " days I _~ mm 
it ep, ew cents for 
ddieees Gate, od Barn thet book(s) | Resolution: .005v at 500v to .00005v at .lv 
| postpaid. (We pay delivery costs if you remit 





L 








with this coupon—same return privileges.) | 


Ce oe ee Cabinet Size: 9%"x13"x17"—Net Weight: Cabinet Model—30 pounds 


0 Licg,~Cactoumen. in Scientific Research, Price: $845.00 F.0.B. Seattle, Washington 


For complete details on the Model 803 er other John Fluke instruments 


Cj Stephenson—Intro. to Nuclear Engrg., | 
$9.50 | write direct or contact our engineering representative in your area. 


() Perry—Engineering Manual, $9.50 
PRINT) 





Name | 
| Addres “ I john fluke Biya t-satl- i) cat een T- 
Company w | 
| Position .. | 
i For price and terms outside U.S. 
write McGraw-Hill Int’l., N.Y.C. FNU.12 [| 


fees ee ee eee ee ee ee ee ee oe 


Vol. 17, No. 12 - December, 1959 


T1111 W. NICKERSON ST., SEATTLE 99, WASH 





NUCLEAR ENGINEERING 





Task Force Sums Up Fluid-Fuel Reactors 


In January an AEC-sponsored task 
force composed of 15 men from industry 
and national took a 
month’s time to make a relative com- 
parison of the three fluid-fuel reactor 
concepts then under 


laboratories 


development 


the aqueous-homogeneous (AHR), ' 


the molten-salt (MSR) and the liquid- 
metal-fuel (LMFR) reactors. The ob- 
jective of the study was to gather infor- 
mation, for each concept, about its 
present state of development, its poten- 
tial for breeding and power costs, and 
the amount of research and develop- 
ment that would be required to realize 
the power-cost potential. 

Concerning the last of these cate- 
gories, the task force concluded that 
each of the three research and devel- 
opment programs over 
$100-million and involve ten years of 
concentrated effort. 

This finding undoubtedly entered 
into the AEC’s recent decision to cut 
back fluid-fuel work and consolidate it 
into one program at ORNL which will 


would cost 


have thermal breeding as its main 
objective (NU, Sept. 59, 32). 

In the remaining areas of study, the 
task these major 
conclusions :* 

Present status. 
ent knowledge of the three systems and 
today’s technology, the task force 
felt that the MSR has the best chance 
of turning out to be technically feasible. 
The main reasons behind this 
clusion are that the MSR uses a solu- 
tion fuel (while both LMFR and AHR 
have to use slurry fuels) and that a 
suitable container material (INOR-S8) 
exists for this system. Slurries, the 
task force pointed out, will require 
more development work than the 
MSR fuel, which may even now be 
satisfactory. At the present stage of 
development, LMFR and AHR still 
face ‘difficult materials problems” in 
their search for a container. However, 


force presented 


On the basis of pres- 


con- 


* Report of the Fluid Fuel Reactors 


Task Force, TID-8507 (Feb 1959). 


Prestressed-Concrete Containment for HWCTR 


Below grade, the Heavy Water Components Test Reactor at Savannah River will have 


a monolithic, prestressed, reinforced-concrete containment shell. 


Here workmen 


arrange reinforcing rods; subsequently outer form was positioned and 603 cu yd of 


concrete poured in one 24-hr period. 


After concrete cures it will be post-tensioned by 


wrapping with cables attached to pilaster (vertical steel structure to left of center). 
Above-grade portion of containment vessel will be made more conventionally of welded 


steel plates. 
scheduled to start up in early 1961 


104 


The 61-Mw reactor for testing fuel elements for DxO power reactors is 


in the MSR the compatibility of 
molten-salt fuel with graphite, which is 
a proposed internal structural material, 
has yet to be demonstrated and is 
judged to be a more severe problem 
than the corresponding one in LMFR. 

The task force agreed that plant 
maintenance is the factor most im- 
portant to determining the practica- 
bility of any of the three concepts. 
ORNL has shown the HRE-2 can be 
maintained with “wet’’ maintenance, 
but no one knows yet if these tech- 
niques can be used in large plants. 
Remote dry maintenance remains to 
be proved for all three concepts. To 
establish the feasibility of any main- 
tenance scheme, one must first make a 
comprehensive design study and then 
do extensive testing on full-scale 
mock-ups. 

Breeding potential. The task force 
investigated the prospects of the three 
systems for breeding on the Th-U?** 
cycle and found that: 
® Single-region reactors will be able 
to breed only in large sizes. 

* Most likely all three systems can be 
developed into “hold own” breeders. 
Probable breeding ratios are 1.09, 1.05 
and 1.05 for the AHR, LMFR and 
MSR respectively. 

* However, only the AHR promises 
to achieve a reasonably short doubling 
time (of the order of 15 years). 

*To achieve short doubling times, 
the other two reactors would have to 
switch to static-liquid-fuel cores cooled 
separate liquid-metal circuit 
(which reduces the required fuel 
inventory); in either instance much 
more time and money would be needed 
to develop the modified design. 

*In each of the three systems, un- 
certainty in the 9 of U** does not 
jeopardize “hold own” breeding but is 
crucial in predicting the doubling time. 

Power costs. The task force’s esti- 
mated power costs for a 333-Mw/(e) 
plant were 11.5, 10.7 and 11.1 mills/ 
kwh for the AHR, LMFR and MSR 
respectively. It concluded that these 
“costs are not so high as to preclude a 
reasonable research and development 
effort to develop and improve fluid-fuel 
technology.” It cautioned that the 
data should be secondary to 
technical feasibility and development 
in planning fluid-fuel-reactor programs. 
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IAEA Panel on 
D.O Lattices 


Under the sponsorship of the Inter- | 
national Atomic Energy Agency, reac- | 
tor physicists from Canada, France, | 
Norway, Sweden, the U. K. and the | 
U.S. got together in Vienna, Aug. 31 to | 


Sept. 4, to talk further about the dis- 
crepancies that had turned up when 
different countries had compared notes 
on natural-U D,O lattice measure- 
ments at the last Geneva conference. 

This time detailed comparisons of the 
experimental buckling measurements 
showed, in every case, agreement con- 
sistent with the quoted experimental 
uncertainties. The semi-empirical rec- 
ipes developed in each country for inter- 
polation among measurements made 
with different fuel geometries and lat- 
tice spacings give good results over the 
range covered by the experiments that 
were used to adjust the parameters in 
each recipe. Significant divergences 
occurred when recipes were used to pre- 
dict buckling values outside this range. 
The major difficulty is in the ability to 
predict resonance capture in complex 
fuel geometries. 

Concerning the desirability of an 
international exchange of fuel, the 
group concluded: (1) agreement is good 
enough so that there is no need to inter- 
change fuel for intercalibration pur- 
poses; (2) bilateral exchange has often 
served, and will continue to serve, 
specific purposes; (3) a bank of stand- 
ard fuel might be useful to small coun- 
tries and universities for calibrating 
experimental equipment, such as 
exponentials. 

The accuracy of current techniques 
for measuring cold-clean bucklings is 
sufficient for design purposes, and such 
measurements have been made over a 
considerable range of uranium-metal 
lattices. There is need for additional 
measurements on lattices with wide 
spacings (10-20 in.), with uranium 
oxide fuel assemblies and with gas- 
cooled assemblies. 

A most striking feature of these sum- 
maries was that, of the countries work- 
ing on D,O reactors (ail those repre- 
sented except the U. K.), each is 
currently installing a critical facility to 
study D,O lattices for power-reactor 
projects; this points up the widespread 
interest in this type of reactor. 


aa * * 


The material for this report was provided by 
D. 8. St. John (duPont) who was one of the 
U. 8. representatives to the IAEA conference. 
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an effective material 
for neutron shielding 


Boral is a uniform dispersion of boron carbide crystals in aluminum. Its 
high boron carbide content (up to 50%) enables it to absorb thermal 
neutrons without the production of hard gamma rays. In the form of 
Boral Plate (a core of Boral clad on two sides with commercially pure 
aluminum) it is highly effective as a neutron shielding material. 

By following recommended design and fabricating practices, Boral 
Plate can be worked to meet the requirements of a wide range of shielding 
applications. It can be drilled, tapped, punched, sawed, sheared, formed, 
and welded. The accompanying sketches show typical designs and as- 
sembly methods. 

Boral Plate is available in thicknesses of 4%" to 34", and standard 
sheets of 30” x 48”, 15” x 96”, and 15” x 48”. Approximate weight of 14” 
(35% B,C) Boral Plate is 3.4 pounds. DA 


Shut-down Control Rod for Reactors 


Assembly of this unit is made by inert 
as arc welding. As shown, all edges of 
oral Plate should be clad. The center 

bar is tapped to receive the threaded rod. 


Storage Cells for Fresh Fuel 


Cells are usually used in assemblies of 
several fuel units, encased in aluminum 
or stainless steel cylinders. The Boral 
shapes should have corner radii of 34"; 
length can be up to 12 feet. Assembly 
is by means of rivets or Huck bolts. 


Water-cooled Boral-lined Case 
for Spent Fuel Elements 


This Boral-lined aluminum case with 
egg-crate type separators for the 
transportation and storage of spent 
fuel units, is assembled from Boral 
Plate by arc welding; no forming 
operations are involved. 


Typical and Potential Applications 


Reactor shields, neutron curtains, shutters for thermal 
curtains, safety rods, storage and shipping containers for 
fissionable material, fabricated boxes for radiation-sensitve 
devices, protective shields for easily activated components. 


Brooks & Perkins, the first commercial producer of Boral, 
invites you to send for technical data and literature. 


|=} tele) €—m. a a4 301,41, tel, [lon 


1926 W FORT STREET DETROIT 16 MICHIGAN 
Offices in Washington and New York 


60-T-4 





REACTOR ROUNDTABLE 


A discussion place 


for new reactor ideas 
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TURRET CONCEPT includes on-power refueling of rotating graphite core 


TURRET—A Test of Unclad Fuel 


By R. P. HAMMOND, W. R. WYKOFF, H. M. BUSEY, J. D. ROGERS, F. P. 


DURHAM and K. R. CHAPMAN* 


Los Alamos Scientific Laboratory, Los Alamos, New Mezico 


Los Alamos Scientific Laboratory, at 
the request of the AEC, is planning a 
3-Mw(th) test of a helium-cooled 
reactor system using unclad fuel 
exposed directly to the working fluid; 
we hope by operating this reactor, 
which we call TURRET, to allow full 
display of the expected advantages and 
problems of “contaminated-loop”’ reac- 


* Present appress: Indian Springs, 


A. F. B. Nevada. 
106 


tors. Also, TURRET will operate at 
temperatures more than high enough to 
work with a gas-turbine power genera- 
tor; in fact, the reactor will be capable 
of temperatures (2,400° F) high enough 
to be of interest to high-tempera- 
ture chemical processes such as coal 
gasification. 

At the time of the Borax experiments 
considerable uncertainty existed as to 
the feasibility of operating turbines 





Organic Gas-Cooled Reactor 
To THE REAcTOR ROUNDTABLE EpirTor: 


Several proposals have appeared in 
NUCLEONICS for reactor concepts to 
serve as ship propulsion units or porta- 
ble power plants. The ideal reactor 
for these purposes would combine a 
coolant that gives high thermal eff- 
ciency with a moderator that allows a 
compact size and operates at low pres- 
sure. The concepts proposed so far 
fail in one or the other of these goals: 

Liquid-cooled reactors, as a class, are 
limited in thermal efficiency except for 
sodium-cooled systems, which do not 
seem attractive for these applications 
for reasons of economics or safety (on 
ships). 

Gas-cooled reactors, on the other 
hand, have good thermal efficiencies 
but, with graphite moderators, tend to 
be bulky at economic fuel enrichments 
and, with water moderators, are faced 
with insulation problems. Other solid 
moderators such as Be, BeO or Zr hy- 
drides have also been considered but 
have serious drawbacks in their phys- 
ical properties and/or costs. 

I propose a system that would com- 
bine the best features of these two 
classes of reactors—an organic-moder- 
ated gas-cooled reactor (OMGCR). 
The core would be a pressure-tube type 
and would connect to a gas turbine in 
either a closed or open cycle. 

Organics seem an attractive solution 
since they have good moderating prop- 
erties, low activity and high boiling 
points, are not corrosive and are easy to 
maintain.* Their main disadvantage 
is decomposition under radiation, but 
the make-up seems to be reasonably low 
[around 40 lb/Mwdf] if they are at 
moderate temperatures (550-600° F). 


* J. R. Dietrich and W. H. Zinn, “Solid 
Fuel Reactors’ (Addison-Wesley Publish- 
ing Co., Reading, Mass., 1958). 

+C. A. Trilling, Geneva paper No. 421, 
Addendum (June, 1958). 





directly on steam from the core of a 
boiling reactor. Borax III, in asimple, 
inexpensive but conclusive test, showed 
that boiling reactors were feasible, that 
some anticipated problems were minor 
and that others not previously sus- 
pected were important. At the con- 
clusion of the tests, the future of boiling 
reactors was assured and on a sound 
basis of experimental fact. 

Today a similar uncertainty exists 
with respect to operating reactors with 
contaminated coolant systems. Every- 
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Also a high concentration of high- 
boiler residues could be tolerated in the 
OMGCR since the organic liquid is not 
the coolant and the increase in viscosity 
is not important any more. A pressure 
higher than a few atmospheres (40 to 
60 psi) would avoid boiling of, say, 
Santowax R at 570° F. 

Insulation of fuel from moderator 
would be much easier than for water 
since the operating temperature of or- 
ganics is much higher. The reactor 
vessel as well as calandria tubes could 
be made of Al. Shielding and safety 
problems wculd seem to be easier to 
solve than for the other reactor types 
proposed for small, light and economi- 
cal power plants; neither organics nor 
the useful coolant gases become very 
radioactive and there is no liquid at 
high pressure. 

A right cylindrical core 5 ft in diam 
could produce 15 Mw/(e) with a net 
efficiency of 33% when cooled by a 
1,000-psi gas whose temperature rises 
from 515° F to 880° F. The maximum 
surface temperature of stainless-steel- 
clad UO, (for example) would be 
around 1,300° F and the enrichment 
would be of the order of 2%. With 
other fuels and higher enrichments, 
surface temperatures of 1,560° F could 
be reached, thus giving gas exit tem- 
peratures around 1,300° F which are 
suitable for a gas turbine. A highly 
enriched 2-ft core could produce some- 
thing like 1 Mw(e). 

It would seem worthwhile to make a 
detailed feasibility study of a reactor 
such as the OMGCR since with its 
small weight it would be able to pro- 
duce reasonably cheap power at high 
thermal efficiency with good safety 
features. The new Organic Moderated 
Reactor Experiment to be built at 
Arco could check this new concept 
experimentally. 

—GuBErtT B. MELESE 
Columbia University 
New York, N. Y. 








one agrees that great gains in fuel-cycle 
economy can be realized by using 
porous, unclad fuel, but the unknown 
cost in shielding, safety and operating 
difficulty has made most designers 
reluctant to consider a contaminated 
coolant loop. Because of the many 
factors, the best way to get a clear 
answer is to actually operate a reactor 
in this fashion. 

Hence, the primary purpose of the 
TURRET experiment will be to study 
the effects on both the reactor and the 
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ooh FEVINTHAL 


scintillation transducer 


Now available in diameters ranging from 
1% to 5 in., these transducers combine Levinthal 
Nal (T1) crystals mounted in optical contact with 
standard photomultipliers. 

Size pictured is 1% by 1 in. thick and fea- 
tures an 8-mil aluminum gamma-ray window for 
low-energy work. Having a light-tight magnetic 


shield, the device is ready to plug in and | 


operate. As the response curve shows, typical 
resolution is 8 per cent, and peak-to-valley 
ratio is 75 to 1. 

Check Levinthal also for your needs in 


crystals — mounted, unmounted, or in special ar- 
rangements to meet individual requirements. 


| NUCLEAR ENGINEERING 


This article starts on page 106 


heat-transfer system of using porous, 
unclad fuel elements. 
| A second reason for interest in 
TURRET is that its operating condi- 
tions will be within the range of tem- 
peratures and pressures needed for the 
The U. S. 


been 


| 
| 
| 
| 
| 


| coal-gasification process. 
| Bureau of has 


Mines, which 
| investigating this process at its experi- 
| mental station in Morgantown, W. Va., 
finds that the process requires heat 
supplied at 2,000—2,500° F 
corrosive heat-transfer fluid at about 
500 psi. Although there is at present 
no intention of operating a coal- 
| gasification unit in conjunction with the 

TURRET project, the target operating 
conditions have been set to demon- 
strate, that the reactor 
would be a feasible heat source for the 


by a non- 





if possible, 


process. 
Reactor Description 

The reactor core (see Fig. 1) is 
constructed entirely of interlocked 
|graphite shapes that form a short 
cylinder with an axial hole. It rests 


| upon a layer of graphite reflector which 
/is in turn supported by a refractory- 
insulated turntable of cast steel. The 
| turntable bearings are gas-cooled and 
|operate without lubricant. The fuel 
| channels are horizontal radial holes in 
| the and each carries a number of 
ishort cylindrical fuel elements im- 
pregnated with fully enriched ura- 
The fuel elements are about 
| 1 in. X 16 in. id. X 6 in. long. 
Surrounding the core is a stationary 
\graphite reflector, enclosed by re- 
| fractory insulation and a steel pressure 
vessel which is kept relatively cool. 
At one side, a number of gas-powered 
rams attached to the vessel inject fuel 
elements into the core. As each new 
element enters a fuel channel, the 
|innermost element in that channel is 
| pushed out into the central plenum and 
|falls into a hopper that leads to the 
processing plant through gas locks. 
By indexing the core on its bearings 


LEVINTHAL ELECTRONIC PRODUCTS, INC. 
STANFORD INDUSTRIAL PARK PALO ALTO 3, CALIFORNIA 


(iL) 


= w NUCLEAR DIVISION 


core, 


} | nium. 


o.d, 


UROPIUM 


XIDE 
ontrol-Rods 


Monoclinic 
Crystals... 


a special high 
density europium 
oxide offered in 
Standard powder 
form and ‘“‘speci- 
fication’’ grain 
sizes. 











Cubic Crystals... 
in powder form. 
and operating the proper ram, any fuel 
|channel can be charged at will. This 
| process can be carried out while the 
, y aes » | reactor is operating at full power. 
Teton | Discharged fuel elements are ashed 
— * |in a small incinerator, the ash dis- 
hm Rare earth chemicals are produced by Henny pense Co, and sold t | solved in dilute acid, and the uranium 
a | Berkshire pe Inc. — both atanserst: precipitated as peroxide. This step 
poration of Amer’ : ee 
will remove most of the fission products, 
KSHIRE “CHEMI with very small uranium losses. The 
j 630 Third Avenue, New York 17, N. precipitate is dissolved in nitric acid 
‘New York + Chicago « ; 
returned to the impregnating 
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and 





New graphite elements are 
placed in a stainless-steel basket and 
immersed in the impregnating solution. 
The uranium content of the elements is 
easily controlled up to at least 10 w/o 
by varying the strength of the solution. 
After drying and baking, the new ele- 
ments are charged through a gas lock 
into the reactor loading device. 

Since the fuel elements are unclad, 


V essel. 


|\600°F 


continuous purifiers. If the purifica- | 
tion can be made highly efficient, the | 
hazard from a leak of reactor coolant 
will be reduced, since only short-lived 
contaminants will be present. 

*Study the operation and mainte- 
nance of mechanical equipment such as 
blowers, valves and heat-transfer sur- 
face in a contaminated heat-transfer- 
fluid environment. Regardless of the 
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Incinerate Depoison impregnate 


Fuel cycle 


FIG. 2. TURRET SCHEMATIC shows how graphite recuperator reduces He temperature 


before gas enters ordinary heat exchanger 


volatile fission products will be released 
to the gas stream at an estimated rate 
of 10 mg/hr/Mw. Part of the helium 
is continuously bypassed through traps 
to remove these and other impurities. 

The schematic diagram of the 
TURRET system (see Fig. 2) shows 
that a exchanger, or 
recuperator, takes the place of the high- 
temperature process unit of a process 
heat plant or the high-temperature 
turbine of a power plant. The power 
level of the reactor will be controlled 
primarily by varying the helium pres- 
sure, thus changing the coolant mass- 
flow rate at constant pumping speed. 
The operating temperature will be 
controlled by varying the charging rate 
and degree of impregnation of the fuel 
elements so that there is no excess 
reactivity while operating. Boron- 
impregnated graphite safety rods can 
be dropped into the stationary graphite 
center island by releasing magnetic 
clutches which act through gastight 


regenerative 


sleeves. 


Test Objectives 


The TURRET experiment has the 
following objectives: 
* Study the effectiveness of treating 
the heat-transfer fluid, contaminated 
by volatile fission products, with 
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efficiency of the gas-purification system, 
a portion of the fission products will 
condense or decay to nonvolatile 
products in every part of the gas 
circuit. The extent to which such 
deposits are long-lived, are difficult to 
remove for servicing, or cause unusual 
shielding requirements is now an un- 
known quantity. 

* Demonstrate the simplified, 
investment fuel-recycling process. 
Ashing the spent graphite fuel, followed 
by the minimum of chemical purifica- 
tion, will give a uranium solution 
suitable for soaking into new graphite 
elements. 

The present schedule for the TUR- 
RET project calls for finishing the 
reactor design in 1960 and it isexpected 
that the experiment can be ready for 
operation at Los Alamos sometime in 
1962. The Sandia Corp., Albuquer- 
que, New Mexico, assisted Los Alamos 
in the feasibility study and preliminary 
design. In addition, the Bureau of 
Mines Experiment Station in Morgan- 
town is cooperating by exchanging in- 
formation on high-temperature gas sys- 
tems under study by the Bureau. 


low- 


* * * 


Work performed under the auspices of the 
Atomic Energy Commission. More informa- 
tion on TURRET is available in LA-2198 





and LA-2308. 


NEW 


Gamma Alarm 
SYSTEM 


The new NMC “‘Gammaguard’’ Gamma Alarm 
System (Model GA-2) is only 12” x 15” x 85%”. 


Eliminates 
Central Power Supply 


¢ Meets all new A.E.C. requirements for 
an alarm wherever fissionable materials 
are stored or processed, 

¢ Small, compact, self-contained, 

¢ Wires to any 110-volt circuit; eliminates 
central power supply and expensive in- 
strument wiring formerly required. 

e Saves on initial cost, installation cost 
and maintenance cost. 

¢ Fail safe options. Cannot jam in high 
gamma fields, Unaffected by power line 
transients, 

¢ May be connected to follow meters in 
control room with inexpensive standard 
electric code wiring. 

© Units are interchangeable without usual 
installation matching or calibration, Con- 
nectors may be used for quick connect 
and disconnect. 

¢ Wide variety of alarm and control op- 
tions possible, 

© Detects gamma, 30 KV up. 

© Sodium iodide crystal. 

e 12” wide x 15” high x 85%”. 
about 37 lbs. 

¢ Price: $595.00, F.O.B. Indianapolis. 


We have supplied from one to 60 units 
for single integrated systems, Send us 
your requirements, 


FOR DETAILS, PHONE COLLECT 


Weight 


Nuclear Measurements Corp. 
2460 N. ARLINGTON AVE. 
PHONE: LIBERTY 6-2415 


International Office: 13 E. 40th St., New York 16, WN. Y. 
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CONSTRUCTION OF DRIVE designed to operate in high-temperature environment of 


gas-cooled reactors 


Control-Rod Drive for HTGR’s 


By C. A. KROEBER and J. M. WELCH 
Ford Instrument Co., Long Island City, New York 


Control-rod drives encounter some 
peculiar and rugged environments in 
high-temperature gas-cooled reactors. 
Recently, under a contract from the 
Maritime Reactors Branch of the AEC, 
we developed a rod-drive system, par- 
ticularly applicable to this reactor 
type. 

One problem in this application is the 
absence of a dense reactor cooling fluid 
for snubbing action in a dashpot at the 
base of each control rod. Another 
problem is the need for all moving parts 
to be capable of dry operation at the 
high temperatures. 

With the drive mechanism that was 


110 


developed, each control rod is indi- 
vidually driven by means of a rack and 
pinion at itslowerend. The free fall of 
the rod is stopped by retarding the 
rotary motion of the pinion shaft as the 
rod nears its lower most or shutdown 
position. This is accomplished by 
converting the rotary motion of the 
pinion shaft to linear motion at the 
drive-motor end, where hydraulic shock 
absorbers are used. Because the drive- 
motor assembly is located a number of 
feet from the reactor vessel, the tem- 
perature and radiation levels are low, 
and conventional materials and design 
techniques can be used. The rack, 


pinion and bearings at the base of the 
rod are specially selected tool steels to 
withstand the high-temperature un- 
lubricated operation. The pinion shaft 
is extended approximately 10 ft to the 
rod-drive coupling. A water jacket is 
provided around the shaft housing to 
lower the temperature in the drive- 
assembly region. In the prototype 
unit, a seal is used around the pinion 
shaft to keep the low-pressure helium 
within the system. A final design of 
the drive mechanism would, however, 
be completely canned to eliminate the 
need of a rotary seal. Actual system 
operating pressure would be in the 
order of several hundred psi. 

The photograph and sketch show the 
internal construction. A ball nut and 
lead screw are mounted within the hous- 
ing. The lead screw is coupled directly 
to the pinion shaft and turns approxi- 
mately 9 revolutions as the 100-lb rod 
travels through its 60-in. stroke. An 
electric clutch allows the rod to fall 
freely and the ball nut travels along the 
lead screw. The nut travels freely 
until it contacts the yoke, which moves 
against the resisting force of the 
hydraulic shock absorbers. This force 
retards the rotary motion of the pinion 
shaft and imparts a uniform decelera- 
tion rate to the falling rod. Regardless 
of the height of the rod when it is 
released, the shock absorbers are 
effective during the last 12 in. of rod 
travel. However, if the rod is at a 
height of 12 in. or less at the time it is 
released, its initial acceleration rate is 
the same as if it were dropped from a 
higher position. As the rod gains 
velocity, the resistance of the shock 
absorbers increases and the slowing 
commences. 

Each of the two shock absorbers has 
a piston diameter of 1.75in. Hydrau- 
lic-fluid pressure is controlled by a 
series of orifices along the cylinder wall 
liners. As the pistons move into the 
cylinders, the holes are covered by the 
piston skirts, and a constant hydraulic 
pressure is maintained against the 
piston areas as the velocity decreases. 

From information gained in tests, 
rod-drive mechanisms of this type can 
be designed into a compact assembly 
and “‘free-fall”’ rod accelerations of the 
order of 0.8 g can be expected without 
the need of springs or other acceleration 
devices. The method of absorbing the 
energy of the falling rod through the 
use of the ball nut-hydraulic cylinder 
arrangement is a simple and reliable 
solution to one of the problems brought 
about by the environment in a high- 
temperature gas-cooled reactor. 
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SENIOR POSITIONS 


in areas of 


The Atomic Energy Division of The Babcock & 
Wilcox Company has, in addition to the areas 
mentioned above, positions available, at the 
senior level, in the fields of theoretical and ex- 
perimental physics, engineering and metallurgy, 
and irradiation effects. 

You will work with a highly experienced staff 
and a complete complex of nuclear facilities in- 
cluding a complete critical experiment labora- 
tory, research reactor, high speed computers and 
an engineering prototype development facility. 

The Atomic Energy Division of The Babcock 
& Wilcox Company offers a challenging profes- 
sional opportunity plus pleasant suburban living. 

Please send resume or request for informa- 
tion to: 


W. F. Porter, Personnel Manager 
The Babcock & Wilcox Company 
Atomic Energy Division 

1201 Kemper Street 
Lynchburg, Va. 


See Page 1 
for description 
of one phase of B& W’s 
nuclear activities 


THE BABCOCK & WILCOX COMPANY 
ATOMIC ENERGY DIVISION 


Complete nuclear systems, cores, components, 
fuel elements, nuclear research and development 
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BETA 
Amperex: COUNTING 
SYSTEM 


is 17” high 
1844" diam. 
and shielding 
weighs only 
1100 Ibs 


LOW LEVEL BETA COUNTER 


Model LBS-162 Low Background System is the 
simplest and most compact arrangement available 
for measuring the beta activity of low-intensity 
radioactive samples. It consists of the new Amperex 
combination “sample” beta counter and “veto” cosmic 
ray guard tube, two companion scalers modified with 
anti-coincidence circuitry, an elapsed timer, and a 
compact iron and mercury shield. A single cosmic 
ray tube replaces up to 30 guard tubes normally 
used in comparable counting systems. The resultant 
simplification in circuitry, plus the elimination of 
multi-guard tube malfunctions, provide a dramatic 
increase in system reliability. 

To achieve backgrounds on the order of 1 cpm, 
approx. 1100 Ibs. of shielding is used . . . thus elimin- 
ating as much as 3000 Ibs. of shielding necessary 
for conventional systems. 

By developing the Model LBS-162 the acute need 
for a reliable, ultra-sensitive counting system, which 
combines accuracy and compactness at a moderate 
cost, has been filled. 


For full information and description write to Dept. LBN 


i” OM IC 


OCCeSSOIIES 10 


Subsidiary of Baird-Atomic, Inc 


811 West Merrick Rd., Valley Stream, New York 


Represented Nationally by ATOMIC ASSOCIATES, INC. — Offices In 
@ CHICAGO © NEW YORK © PITTSBURGH © PHILADELPHIA 
® LOS ANGELES © DALLAS © WASHINGTON, D.C. ® ATLANTA 
@ DETROIT @ BOSTON @ SAN FRANCISCO 
© In Canada: RADIONICS LTD., Montreal 
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SCHEMATIC DIAGRAM of sampling system 


Meosuring Oil Consumption 
with Tritium Tracers 


By VINCENT P. GUINN and R. A. COIT 


Shell Development Co., Emeryville, California 


A rapid, accurate method of measur- 
ing automobile-engine oil consumption 
based on tritium and _ liquid-scintilla- 
tion counting is capable of measuring 
rates as low as 0.1 ml/mile. 

Historically, engine-oil-consumption 
studies have been plagued by the 
inaccuracies attendant upon the long- 
duration test methods normally used. 
The most common method of measur- 
ing oil consumption is to determine the 
weight loss of oil as a function of time or 
distance. This method is_ limited, 
however, to relatively long-term tests 
where oil leakage may actually be 
greater than real engine-oil consump- 
tion and where uniform engine drainage 
becomes an important factor in deter- 
mining the difference between the 
quantities of oil in the engine before and 
after the test. (The small quantity of 
oil involved in automotive 
operation is best visualized by reducing 
the familiar saying “1,000 miles/quart’”’ 
to “1 ml/mile.”) The application of 
radioactive-tracer techniques to oil- 
consumption studies solves this limita- 
tion problem ideally, since only the oil 
that the engine actually consumes is 


normal 


measured. 

The over-all 
tagging the specific lubricant fraction 
to be studied. As the engine is run, 


112 


method consists in 


exhaust and blow-by* samples, the 
two main oil-consumption paths, are 
run through separate combustion fur- 
naces packed with cupric oxide to 
obtain complete combustion as shown 
in Fig. 1. The water of combustion is 
then condensed, and aliquots, perfectly 
clear and counted to 
determine their activity. The amount 
of lubricant consumed per unit of time 
is then calculated. 


colorless, are 


Tagging and Counting 


Inasmuch as the combustion of a 
hydrocarbon phase is the subject of 
interest, either carbon-14 or tritium 
labeling of the oil is suitable. Con- 
venient and methods of 
detecting these isotopes in the exhaust 
gas are the ionization-chamber—vibrat- 
ing-reed-electrometer measurement of 
the C'* content of the exhaust CO: or 
the liquid-scintillation counting of the 
H?’ content of the exhaust water vapor. 
In either case a sensitive means of de- 
tecting low isotope concentrations is 
needed since the range of oil-consump- 
tion rates encountered is usually low 


sensitive 


* Blow-by gases are the combustien gases 
that leak past the piston rings into the 
crankcase of the engine and then are lost 
through the breather pipe. 


(0.1-30 gm/hr) and the resultant CO, 
and HO are greatly diluted by the cor- 
responding nonradioactive species aris- 
ing from the fuel combustion (500—5,000 
gm/cylinder/hr). 

To measure the 
consumption rate (0.1 gm/hr) to an 
accuracy of +10% within 30 min using 
a 500-ml ion chamber, filled to 1 atm 
pressure with sample CO, and shielded 
with 2 in. of lead, it is computed that 
the 3,000-gm charge of oil to the engine 
contain 10 me of C'tagged 
material. Synthesizing this amount of 
organic compound of a suitable chemi- 


minimum  oil- 


must 


cal nature and volatility to be accepta- 
ble for such a lubricating-oil combus- 
study is time-consuming and 
expensive. 

The C!-recoil method (1) of approxi- 
mate random tagging, based on the C' 
recoil in the N!4(n,p)C™ nuclear reac- 
tion, is also worth consideration, but 
the yield of C'*tagged parent com- 
pound is very low and a tedious 
purification procedure is required after 
irradiation. The use of C' was there- 
fore discarded because of the difficulty 
and expense involved. 

Tritium tagging is 
attractive and was used in this study. 


tion 


much more 
It is possible to isolate certain repre- 
sentative alkyl aromatic fractions from 
lubricating oil by a combination of 
distillation and chromatographic meth- 
ods and then to hydrogenate these 
fractions catalytically with tritium gas. 
Each preparation of tagged material 
involved shaking a solution of the 
fraction to be hydrogenated (usually 
about 40 gm) in a solvent such as 
n-heptane, in contact with 25 gm of 
Raney nickel, as well as an initial hy- 
drogen pressure of ~100 atm at a tem- 
The shaking is 
consume 


perature of ~200° C. 
continued long étfough to 
about three-fourths of the hydrogen.* 

The rate of hydrogenation usually 
diminishes so much with time that it is 
unprofitable to wait for complete 
utilization of the tritium. The hydro- 
genation reaction sometimes proceeds 
slightly, apparently owing to 
poisoning by some system 
After appropriate vent- 
ing of the unused hydrogen, the 
heptane solution of the hydrogenated 
product is distilled to recover the triti- 
ated sample. A check of the recovered 
heptane revealed that a small amount 


only 
catalyst 
component. 


*The authors are indebted to Roy 
Thorpe, of this laboratory, for preparing 
the lube-oil fractions and to John Zachar, 
formerly of this laboratory, for conducting 
the hydrogenations. 
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of tritium was consumed by exchange | 

with hydrogen atoms of the heptane. 

In general, however, most of the con- | eS 

sumed tritium is used up in hydro- Versatile Research Accelerator 
genating the desired lube-oil fraction. 


Method of Tritium Counting | CAR , 3-Mev Model K 


Tritium is very difficult to count ‘ = Kr 
with good offidenay and, 06 the eae Van deGraatt 
time, with speed and simplicity. The 
difficulty is due, of course, to the 
extremely low average beta-particle 
energy of tritium, 6 kev. 

Even the thinnest window available 
for end-window Geiger counters (1 mg 
em?) absorbs tritium beta particles 
completely, so that none can enter the 
gas phase of the counter. A window- 
less flow counter overcomes the win- | 





dow-absorption problem, but sample 
self-absorption of the beta particles 
still limits one to an extremely small | 
effective sample size, since the “infi- 
nite thickness” for these particles is | 
nly 0.8 mg/em®, that is, only 0.008 mm | 
of unit density material. Thus the | 
concentration sensitivity (2) is very | 
poor. The problem of sample prepara- | 
tion would also then be rather tedious, 
because samples are available only as | 
water and must be converted to some 
solid form for ready counting by the | 
windowless flow counter. Gas count- 
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ing (either Geiger or proportional) i | 
feasible and fairly sensitive, on a con- | 
centration basis, but is tedious and 
necessitates conversion of each sample 
to some other chemical form, such as 
Io, CHy, or CoHs. ‘The same is true of 
the ionization-chamber method. 

A great improvement over all these 
methods is the liquid-scintillation 
method (3, 4). One-milliliter samples 
of the combustion water, dissolved in 65 
ml of scintillator solution, are counted 
in a coincidence liquid-scintillation as. 3 Photos Courtesy of Gulf Research and Development Company 
counter. The liquid scintillator used This powerful multi-particle accelerator 
is 4 gm of diphenyloxazole and 15 mg T PS hie | — proved in the field — is the basic tool 
f diphenylhexatriene (wavelength for a broad program of fundamental or 
shifter) per liter of a solution two-thirds| |} applied radiation research. 
toluene, one-third absolute ethanol by| || hehe Now in use for: nuclear physics, 
volume. This volume just keeps 1 mi @. radiation processing, polymerization, 

; ‘ : ee SS ; : radiation chemistry, reactor engineer- 
of water in solution at —10° C, the tem- wv Gi | ‘eth | ing, sterilization, radiation damage, 
perature of the counter. With 65 ml ne {| NE Zi biology, particle injection, radiography. 
of liquid, the total background with : Se ELECTRONS: | microamp to | milliamp. 
2 in. of lead shielding is ~300 cpm, of = X-RAYS: 900 R per minute at one meter. 
which ~50 are due to tube noise and The 3-Mev, Model K Van de Graaff (Equivalent to 20,000 curies of Co-60). 


Ee ~~ can be furnished for horizontal in- , 
250 are due to external radiations that stallation as illustrated above. POSITIVE IONS: 10 to 200 microamp. 


penetrate the shield (mesons, neutrons, Write our Technical Sales Depart- NEUTRONS: 6 x 101! neutrons per amp. 
gamma-ray photons). By using an ment for more information on the Oltage and current output are stable, pre- 
upper pulse-height-level discriminator, Model K, 3-Mev Van de Graaff. cisely controlled, and continuously variable. 


the total background is decreased to 


~150 cpm, when adjusted so as tore ff HIGH VOLTAGE ENGINEERING 
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ject all coincident pulses too large to 
have come from a tritium beta particle. 
As many as 20 samples are made up 
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Construction at Indian Point 


ITRO ENGINEERING COMPANY, 4 division of Vitro Cor- 
poration of America, has played a vital réle in establish- 
ing many of the technological landmarks of the Atomic Age. 


The latest—and one of the most significant—of these 
landmarks is a great nuclear power station now rising at 
Indian Point on the Hudson River. Beginning in 1961, this 
Indian Point station will produce 275,000 kilowatts of 
electricity. 


Vitro Engineering Company has served shoulder-to- 
shoulder with Con Edison and Babcock & Wilcox in develop- 
ing this historic station. Its réle began with the evaluation 
of reactor proposals, extended through preparation of all 
construction drawings and now includes assistance in the 
training of Con Edison’s operating personnel for Indian 
Point. 


engineering the future- 


ENGINEERING COMPANY 
WED 225 PARK AVENUE SOUTH, NEW YORK 3, N. Y. 
SION OF VITRO CORPORATION OF AMERICA 
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APPLIED RADIATION 


This article starts on page 112 


at the same time by simple pipetting, 
the weighing bottles placed in position 
in a sample rack and the whole rack 
placed in the refrigerator. After ~30 


| min the samples are all sufficiently 


dark-adapted (to allow decay of the 
phosphorescence resulting from expo- 
sure of the liquid-scintillator solution 
to light) and cooled so that counting 
cancommence. They are then counted 
one at a time, using a gloved port to 
change from one sample to the next 
without opening the refrigerator. 

Depending on the characteristics of 
the particular pair of phototubes used, 
the absolute counting efficiency of the 
system for tritium, as tritium water in 
the toluene-ethanol solvent, was meas- 
ured with calibrated samples of tritium 
water and found to range from 1 to5%.* 
The counting efficiency for a given pair 
of phototubes and a given set of count- 
ing conditions was found to be fairly 
constant except for long-term drifts. 
In order to correct all the data to a 
constant counting efficiency, the same 
standard sample was counted fre- 
quently and all data then normal- 
ized to a constant efficiency. Back- 
ground measurements were also made 
frequently. 

No difficulties were encountered 
either with absorption of fluorescence 
or with quenching of the excited scintil- 
lator molecules by components of the 
samples so long as pure water samples 
were counted. However, to make the 
necessary cross calibration of the 
labeled oil itself, oil samples were 
counted under the same conditions— 
in this case problems of light absorption 
and possibly of quenching arose even 
though the samples weighed only 
~20-30 mg. They were counted in 
65 ml of the same scintillator solution 
plus 1 ml of distilled water. To 
correct for the small decrease in count- 
ing efficiency caused by the light 
absorption and/or quenching, these 
samples were counted and then re- 


| counted after the addition of a known 


amount of tritium in the form of a 
colorless, nonquenching hydrocarbon 
solution. From the resultant increase 
in counting rate the original counting 
rate was corrected for decreased 
efficiency (internal standard method). 

Correction for tritium decay (12.5-yr 
half-life) was automatically made by 
normalizing all data to a constant 
value for the tritium counting standard 
used. 


* a up to 12% 
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The following calculation illustrates 
the sensitivity of detection. If the oil 
contains 50 me of H® per 3,000 gm and 
if 1-gm samples of exhaust water are 
counted at 3% absolute’ counting 
efficiency, the minimum oil-consump- 
tion rate of interest (0.1 gm/hr) at the 
highest fuel-consumption rate (5,000 
gm/hr) still produces a net counting 
rate of 16 cpm above a 150-cpm back- 
ground. At the highest oil-consump- 
tion rate (30 gm/hr) and ‘owest 
fuel-consumption rate (500 gm/hr), 
the net counting rate increases to 
48,000 cpm. Even the extremely low 
value of 16 net cpm can be measured to 
+ 20% in 30 min, assuming a 30-min 
background counting time also. 

For engine studies, simultaneous 
exhaust and blow-by samples are 
taken continuously by using two 
combustion furnaces and condensing 
systems. Condensed ..water samples 
are generally withdrawn every 15 min, 
and their activity determined. 

Exhaust sample oil consumption is 
then calculated as follows: 

, 
C, @ tyne 

t No 
where C, = oil-consumption rate, gm/ 
hr; R, = volume ratio, water of fuel 
combustion to fuel; V = volume of 
fuel, ml; £ = time to consume V ml of 
fuel, hr; N. = indicated radioactivity 
level of exhaust water sample, cpm 
(standard, 100,000 cpm); and No = 
indicated radioactivity level of 1 gm of 
oil, cpm (standard, 100,000 cpm). 

Blow-by sample oil consumption was 
similarly determined from 


N 
C, = Rs Ge 


t) 


where G, = condensate collection rate, 
ml/hr; R, is assumed numerically 
equal to R,;b refers to blow-by; and the 
other symbols are as above. 


Application to Engine Studies 


Figure 2 compares the liquid-scintil- 
lation counting method and the weight- 
loss method of measuring oil consump- 
tion. The absolute levels shown by the 
two curves differ by only ~0.2% of the 
total oil charge. Moreover, the slopes 
of the curves give essentially the same 
rate of oil consumption for the two 
methods. 


Advantages 


The liquid-scintillation method is a 
tremendous timesaver, 1 day sufficing 
to obtain data that would take 2 weeks 
by the conventional weight-loss method. 
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At Les Alamos the application of creative 
imagination is stimulated by the inspiring 
geography and culture of the old Southwest. 


For employment 
information write: 
Personnel Director 
Department 59-207 


alamos 


scientific labor 


OF THE UNIVERSITY OF CALIFORNIA 
LOS ALAMOS, NEW MEX! 











Scientists and Engineers 


contact 
ATOMICS INTERNATIONAL 


For work in advanced Programs in Organic Reactors, 
Sodium Reactors, Compact Power Plants and Materials 
Development. 


At Al’s new headquarters in the San Fernando Valley of 
Southern California there is a wide variety of challenging 
new development projects. Current openings exist in: 


Materials Development: Metallurgist, Physical Chemists and 
Engineers are needed to guide and contribute to the develop- 
ment of new materials for nuclear reactor fuel elements and 
control and moderating devices. Included is a broad program 
of fundamental research including Solid State Physics and 
ceramics and chemistry. 

Nuclear Engineering: Engineers and Physicists are needed 
to work with advanced reactor concepts from conception to 
delivery. Work includes flux and criticality calculations, fuel 
economy studies, control and safety system development, 
and by-product application. 


Instrumentation Engineers: Engineers with extensive expe- 
rience in reactor controls and monitoring systems are needed 
to conceive and design instrumentation for new and different 
reactor systems. 


Experimental Reactor Physicists: Experienced Physicists are 
offered an opportunity to work with AI’s highly trained staff 
and extensive test facilities including research and power 
reactors, critical facilities and a Van de Graaff accelerator. 
Engineering analysis: Engineers with advanced training in 
heat transfer, thermodynamics, and fluid flow analysis are 
needed for advanced design and experimental evaluation 
activities. 

Shielding: Design and analysis of biological and thermal 
shielding for large power plants and compact mobile 
systems. 


You will have the opportunity to work with recognized spe- 
cialists in these fields and will contribute to Al’s world wide 
nuclear reactor development program. 


For specific details and information on other openings write: 
Mr. C. M. Newton, Personnel Office, Atomics International, 
21600 Vanowen Street, Canoga Park, Calif. 


ATOMICS INTERNATIONAL 


A DIVISION OF NORTH AMERICAN AVIATION, INC. 
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ATOMICS INTERNATIONAL 


(in Southern California) 


has Outstanding 
Opportunities in 


COMPACT 
POWER PLANT 
DEVELOPMENT 


for 


Qualified Engineers and Re- 
search Scientists with BS, MS 
or Ph’D degrees in appropriate 
fields. Positions are available 
for Specialists in these fields: 


Reactor Physics: For analysis 
and experimentation in reac- 
tor design and kinetics includ- 
ing dynamic heat transfer and 
changes of state in fuel assem- 
blies. Reactor facilities are 
available for experiments. 


Safety Device Development: 
To perform original studies 
and organize tests for new 
types of reactor automatic 
safety devices. 


Experimental Heat Transfer: 
For research in liquid metal 
boiling and condensing. To es- 
tablish design parameters and 
develop prototype apparatus. 
Also to perform advanced 
studies in thermodynamic 
cycles. 


Control System Design: To de- 
sign and develop control sys- 
tems within unique packaging 
requirements. 


Reactor Engineering: For con- 
ceptual design and prelimi- 
nary analysis of complete 
compact power systems. This 
includes the development of 
operating procedures’ and 
static and dynamic calcula- 
tions for these systems. 


Reactor Shielding: For analy- 
sis, design, and experimenta- 
tion with advanced “thin” 
shields. 

For specific details write: 

Mr. C. M. Newton, Personnel 
Office, Atomics International, 
21600 Vanowen Street, Canoga 
Park, California. 


aa 5 
ATOMICS 


INTERNATIONAL 
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FIG. 2. COMPARISON OF METHODS 
of measuring engine-oil consumption. 


CFR engine, 200° F jacket, 245° F oil, 
1,800 rpm, SAE 5w oil 
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eb 38 | 
Engine Time (hr) 
FIG. 3. EFFECT OF ENGINE DETONA- 
TION on oil consumption. Same condi- 
tions as for Fig. 2 





| The liquid-scintillation method can 
|also measure oil consumption under 
| transient conditions where the normal 
weight method cannot. Detonation 
(Fig. 3) does not affect oil consumption 
| via the exhaust but in this case doubled 
| blow-by losses. Engine preignition, by | 
|contrast, increases blow-by losses! 
| slightly, whereas the oil consumed 
| through the combustion chamber and 
| via the exhaust increased by as much 
This is due to the direction 
'in which the piston is traveling at the 
time rapid rises in cylinder pressure 
disturb the normal piston-ring move- 
ments. During detonation the piston 
is traveling down the cylinder and any 
rapid pressure variations tend to reduce | 
the piston ring-cylinder seal so as to 
increase blow-by. Preignition, if it 
occurs before top dead center, affects 
| the ring-cylinder seal on the upstroke, 
thus pumping more oil into the combus- 


jas 50%. 


'tion chamber and increasing oil con- 
sumption via the exhaust. 


| 


* * * 





The original version of this article was 
presented as a paper at a meeting of the | 
American Chemical Society, Miami, Fla.., | 
April, 1957. 
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JUST PUBLISHED..... 


PLASMA DYNAMICS 


Edited by Francis H. CLAuSER 
The Johns Hopkins University 


A broad, unified treatment of plasma dy- 
namics, carefully edited and co-ordinated from 
material presented by 50 distinguished par- 
ticipants in the 1958 international symposium 
at Woods Hole. 
ence book. 


An authoritative, timely refer- 


CHAPTER TITLES AND EDITORS 


Experimental research on high tempera- 
ture plasmas by Ricuarp F. Post. The 
problems of thermonuclear fusion and high 
temperature plasmas by MARSHALL RosEN- 
Gaseous electronic phenomena by 
H. MITTLEMAN. of 
electron beams by Roy W. Goutp. Sta- 


Dynamics 


| tistical plasma mechanics by JOHANNEs M. 


Burcers. Continuum plasma dynamics by 


| Hans W. LiepMANN and Juxian D. Cote. 


Flight magnetohydrodynamics by ARTHUR 
Kantrowitz. Solar, planetary, and inter- 
planetary magnetohydrodynamics by Ev- 
GENE N. Parker. Cosmical magnetohy- 


drodynamics by GrorFrRey BURBIDGE. 


368 pp., 98 illus., 1959—$12.50 


QUANTITATIVE MOLECULAR 
SPECTROSCOPY and 
GAS EMISSIVITIES 


By S. S. Penner, Calif. Inst. of Tech. 


Treats basic problems in quantitative molec- 
ular spectroscopy and gas emissivities, vtiliz- 
ing the classical results of radiation theory. 
Problems are representative of the types en- 
countered in development of modern propul- 


sion devices. 


587 pp., 212 illus., 1959—$15.00 


PROJECT SHERWOOD: 


The U.S. Program in Controlled Fusion 
By Amasa §S. Bisuop, U.S.A.E.C. 
of the U.S. effort 
The 


remarkable drawings 


“A clear description .. . 
the 


text 


to achieve thermonuclear reaction. 


well-written and 
make the reading of this book a pleasure.” 


SCIENCE 


216 pp., 50 illus., 1958—$6.50 


vy ADDISON-WESLEY 
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Reading, Massachusetts, U.S.A. 
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American makes it easy 
to set up your own 


decontamination laundry 


The American Laundry Machinery Com- 
pany’s planning service and equipment 
make it easy for nuclear plants and lab- 
oratories to establish their own decon- 
tamination and laundry facilities. 


Our engineers, with years of experience 
in laundry planning for nuclear plants, 
will analyze your requirements and fur- 
nish complete plans and specifications for 
your installation. 


In addition, American’s automatically 
controlled, labor-saving equipment is par- 
ticularly suited for washing and decon- 
taminating clothing exposed to radioactive 


or toxic materials. 


For complete information on nuclear 
plant laundry equipment, call your nearby 
American representative, or write for 
Catalog 2642. 


APPLIED RADIATION 


Gamma Pencil Finds 
Posts under Floors 





The problem, simply enough, was to locate support- 
ing posts under concrete floors so that posts for the 
floors above could be positioned squarely above 
The usual methods of sighting with theodolites or measuring on a grid 
Gamma rays and a scintillation crystal solved the problem.* 


them. 
were not available. 

50 me of Cs'*7 in a 2-in.-deep lead collimating channel produced a counting rate 
The gamma pencil was placed against the cor- 
Observing 





|of 900 cps through a 9-in. floor. 
iners of the posts, and the detector was rolled above them on tracks. 
the counting peaks for each corner and for several traverses in different direc- 
tions permitted location of the beam centers within 14g in. Cs1%7 was chosen 
because it gave good collimation and adequate sensitivity for the particular 
| Situation. 

*J.F. 


Cameron, P. F. Berry, Intern. J. Appl. Radiation Isotopes 8, 35 (1959). 


It isn’t always easy to find beta particles of just the 
right energy for a gaging problem. Moreover it 
might be desirable to have both hard and soft ones 
in the same installation—paper one moment, steel the next. George Foster of 
Industrial Nucleonics (AccuRay), Columbus, Ohio, suggests a method that might 
and in an adjustable ratio. 


Magnets Might Make 
Hard and Soft Betas 


give the gager both hard and soft betas at once 
The idea is to apply a transverse magnetic field. Low-energy beta particles will 
be more easily deflected than high-energy ones. Thus the spectrum that reaches 
the detector after application of the field will have greater average energy than the 
undeflected spectrum. 
Time-varying field. 
When the magnetic field is at a peak, the detector sees only the harder spectrum. 
When the field is zero, the detector sees the unmodified one. But if you want a 
really soft spectrum for your paper measurement, you detect the a-c component of 
your detector signal. Since only the low-energy end of the spectrum will be 
deflected, the a-c part of the signal will be generated only by these betas of lowest 
energy as they are “switched” in and out of the path from source to detector. 
There are other advantages to be gained from a-c operation. An important 
one is the use of lock-in detection. If you modulate the signal at a given fre- 
quency and look for only that component in the detector output, you can reduce 


Even more useful would be a field that varies in time. 


the false signals from random interference. 

Ways to do it. Solenoids will make a deflecting field; possibly one could use 
the beam benders that accelerator people use for selecting electron energies. But 
there has been much recent work in making permanent magnets. It might be 


|. | practical to use a permanent magnet and a mechanical rotation to introduce the 


| | modulation. 


You get more from 


Perhaps there are easier ways. For example, a rotating shutter of a thin mate- 
rial would have the same effect of stopping the low-energy betas and letting the 
high-energy ones gothrough. The thickness profile could be chosen for maximum 
detection sensitivity. One would, in effect, superimpose a precisely known thick- 
| ness variation on the sample and use it for sensitive comparison as a photographer 


| 
| 


‘Data Books for the 


|Neutron Activator of 
analysis using prompt photons. 


uses a step wedge. 


Possibly the greatest unmined reserve in the realm 
neutron-activation 
This technique 


irradiation technology is 
| differs from the usual neutron-activation analysis in using photons that emerge as 
|neutrons are captured (from nuclear states with lifetimes measured in micro- 
| microseconds) rather than from activated nuclides with half-lives of minutes, days 
}and years (NU, April ’58, p. 115; June ’58, p. 56; Sept. ’59, p. 86). 

The Russians are apparently giving more attention to prompt-gamma neutron 
Prompt-gamma counters will find essential data in a book recently 
The book summarizes a vast 


analysis. 
translated from Russian and published in English.* 


*L. V. Groshev, V. N. Lutsenko, A. M. Demidov, V. I. Pelekhov, “ Atlas of y-ray Spectra 
from Radiative Capture of Thermal Neutrons,”’ translated from the Russian by J. B. Sykes 
(Pergamon Press, New York, 1959). 
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amount of material in a very con- | 


venient form. 

The Russian book consists almost | 
entirely of graphs and tables of prompt- | 
gamma spectra and drawings of nuclear 
level schemes. The half-dozen or so 
pages of textual material are mainly 
acknowledgments of sources, bibliogra- 
phy and explanations of table headings. 

Those who are devoted to delayed 
activation analysis will find a useful 
data sheet in a recent Harwell report. 
A short, well written text outlines the 
nature of neutron-activation analysis. | 
But 85% of the book’s 100 pages are 
occupied with tables of pertinent data: 
activation products, cross sections, 
half-lives, detection efficiencies, rela- 
tive gamma line intensities, and shapes 
»f spectra. 


+L. Salmon. Gamma-ray spectroscopy 
applied to radioactivation analysis—part 1. 
Introduction and nuclear data, AERE C/R 
2377 (1) (1959) 





Discharge Improves 
Tritium Labeling 


A silent a-c discharge through the gas- | 
exposure cell increases the specific ac- 
tivity available from Wilzbach’s trit- 
ium-labeling technique (NU, Mar. ’58, 
p. 62) in some cases by as much as 
10‘.* Exposure to Co® gamma pho- 
tons produces a similar but smaller im- 
provement for the same amount of 
energy delivered to the gas in the cell. 
These results have come from recent 
experiments in the labeling of benzene. 

Two processes occur in gas-exposure 
labeling: (a) radiation knocks hydrogen 
atoms out of organic molecules and (b) | 
tritium atoms replace the hydrogen. | 
In the simplest application of the tech- | 
nique the tritium in the cell performs | 
both functions. Various methods have 
been used, however, to supply the radi- 
ation separately. One is to use ener- | 
getic tritons from Li*(n,a)T reactions. 
A second is to accelerate the tritons in 
a discharge tube (NU, Feb. ’57, p. 96). 
A third (used mainly in C" labeling) | 
places Kr** in the exposure cell to pro- | 
vide activating radiation (NU, Sept. | 
'58, p. 86). The a-c discharge (20 kv, 
1 ma) and exposure to external radi | 
ation provide two more ways to in- 
crease efficiency. Of all methods, it | 
appears that the a-c discharge is least 
destructive of the original organic | 
molecules. 





*R. M. Lemmon, B. M. Tolbert, W. | 
Strohmeier, I. M. Whittemore, Science 129, 
1740 (1959) 
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the use of large lead shields. 


SENSITIVITY 


ANNOUNCES 


NEW CONCEPT FOR LOW LEVEL 


RADIOACTIVITY COUNTING 


Completely transistorized 
ANTICOINCIDENCE PREAMPLIFIER 


IMMEDIATE 
* DELIVERY 
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DC KILOVOLTS 


Now accurate low level counting may be accomplished without 
Model 501 Anticoincidence 
Preamplifier, when used with the new umbrella tubes, converts 
any existing scaler into a low level anticoincidence counter. 
Adjustable from .1 volt to 20 volts 
250 microseconds 

Less than 100 mv from 20°C to 70°C 


RESOLVING TIME 
DRIFT 

INPUT IMPEDANCE 
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Process Chemistry, Vol. 2 


Edited by F. R. BRUCE, J. M. FLETCHER and 
H. H. HYMAN (Pergamon Press, New York, 1958, 
ix + 579 pages, $17.50) 


Reviewed by C. E. Stevenson, Phillips 
Petroleum Company, Atomic Energy Div., 
Idaho Falls, Idaho 

This volume is the second in a series 
that attempts to summarize informa- 
tion on chemical aspects of nuclear 
technology as they are concerned 
broadly with processes for recovery, 
separation and purification of signifi- 
cant materials. It includes 46 papers 
from U.S. and European sources. Ore 
treatment and feed-materials process- 
ing are particularly well covered, but 
various aspects of irradiated-fuel treat- 
ment, including waste processing and 
by-product recovery, are not neglected. 
Not strictly limited to process chemis- 
try, it includes considerable informa- 
tion more properly described as process 
technology. 

The volume illustrates well a situa- 
tion peculiarly characteristic of nuclear 
technology (as well as of other techno- 
logical fields that have been developed 
rapidly and recently) in that it is 
difficult to find reference works that 
cover the whole field, or even major 
portions thereof, broadly and authori- 
tatively. Such volumes in the field of 
nuclear process chemistry are not truly 
reviews but only assemblages of articles 
that generally do not give a balanced 
coverage of the field since they are 
mostly derived from special-purpose 
reports on narrow topics. This is true 
of the present work, in which, for 
example, the extensively 
redox process for irradiated-fuel recov- 
ery receives but little more attention 
than a quite speculative and only very 
preliminarily tested process based on 
treatment with mercury. 

The lag in inclusion of areas of work 
of recent and current interest is ap- 
parent also in the relatively brief 
consideration given to the special 
problems of, and processes developed 
for, the wide variety of power-reactor 
fuels currently of importance. Exten- 
sive work of the last few years on 
closed-cycle or pyrometallurgical proc- 
esses is also largely neglected. How- 
ever, with respect to the growing 
interest in processes for the conversion 
of radioactive wastes to solids, an 
excellent review is presented by C. B. 
Amphlett. 
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developed 


A particularly valuable feature of 
this volume is the 37 pages of appen- 
dixes summarizing 
correlating 
chemical processes. 


The book is well prepared and easily 


devoted to and 


data of significance to 


Extensive references are in- 


cluded on each subject. 


read, 


ALSO OF NOTE 


Radioisotopes, Special Materials and 
Services. The 1959 edition of the 
Oak Ridge National Laboratory radio- 
isotopes catalog contains current prices 
and data. Isotopes Sales Dept., Oak 
Ridge National Laboratory, Oak Ridge, 
Tenn. 


Providing U. S. Scientists with Soviet 
Scientific Information. Revised edi- 
tion discusses and tabulates extent of 
Soviet publication activities, avail- 
ability of Soviet publications and U. 8. 
translation services. Office of Science 
Information Service, National Science 
Foundation, 1520 H St., NW, Washing- 
ton, D.C. 


Reprocessing of Irradiated Fission 
Reactor Fuel and Breeding Materials 
(TID-3312). Annotated bibliography 
of selected literature. 118 pages, $2.75. 
Office of Technical Services, U. S. 
Dept. of Commerce, Washington 25, 
D. €. 


Reactor Heat Transfer Conference of 
1956 [TID-7529(Pt. 1) and (Pt. 2)]. 
Meeting in New York, Nov., 1956. 
626 pages, $7.76. Office of Technical 
Services, Dept. of Commerce, Washing- 
ton 25, D.C. 


U. S./U. K. Graphite Conference 
[TID-7565(Pt. 1)]. Meeting held in 
London, Dec. ’57. 156 pages, $1.75. 
Office of Technical Services, Dept. of 
Commerce, Washington 25, D.C. 


The Neutron Spectrometer for Sub- 
thermal Neutrons and the Cross 
Sections of Gold and Metallic Hy- 
drides in the 4-11.5A Range (CU-179). 
Research at Brookhaven National 
Laboratory by the Physics and Chem- 
istry Depts. of Columbia University 


investigating neutron interactions from 
165 pages, 
Services, 


very low energies to 10 ev. 
$3.00. Office of Technical 
Dept. of Commerce, Washington 25, 
B.e: 


Living with Radiation—1. Fundamen- 
tals. Provides a basic understanding 
for the layman of the industrial radia- 
65 pages, 45¢. Super- 
S. Govern- 


tion hazard. 
indendent of Documents, U. 
ment Printing Office, Washington 25, 


Dut. 


1959 Nuclear Data Tables. Prepared 
by the Nuclear Data Project of the 
NAS-NRC, these tables of experimen- 
tal results are successor to “‘ New Nu- 
clear Data Cumulations” published 
from 1952 through 1957. 160 pages, 
$1. Superintendent of Documents, U.S. 
Government Printing Office, Washington 
25, D.C. 


Nuclear Insurance Bookshelf. These 
paperbound monographs are available: 
‘Financial Protection against Atomic 
Hazards,” 65 pages, $2, prepared by 
Columbia University; ‘Nuclear Lia- 
bility Insurance and Indemnity,’ 28 
pages, $1; “International Problems of 
Financial Protection against Nuclear 
Risk,” 104 pages, $6, prepared under 
auspices of Harvard Law School and 
AIF. All three for $7.50. 
Atomic Industrial Forum, 4 FE. 54th St. 
New York 23, N.Y. 


available 


Guide to Shipment of U?*® Enriched 
Uranium Materials (TID-7019). De- 
fines nuclearly safe methods of shipping 
enriched materials. $1. Office of 
Technical Services, U. S. Dept. of Com- 
merce, Washington 25, D.C. 

Property Measurements at High Tem- 
peratures, by W. D. Kingery (John 
Wiley & Sons, New York, 1959, 416 
pages, $16.50). 
of materials are affected at high tem- 
peratures (over 2,550° F) and how to 
measure them, 


How the properties 


Kinetics of High Temperature Proc- 
esses, edited by W. D. Kingery (The 
Technology Press, M. I. T., and 
John Wiley & Sons, New York, 1959, 
326 $13.50). This book is 
concerned with condensed-phase proc- 
It is based on a conference at 
M. I. T.’s Endicott House, June, 1958. 
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SCINTILLATION CRYSTALS 


Sodium Iodide (T1) 
Lithium Iodide (Eu) (Li’ and Li’) 
Cesium Iodide (T1) 
Stilbene * Anthracene 
Plastifluor® Plastic Scintillator 


Available Unmounted or Mounted 
and Hermetically Sealed 


STABLE ISOTOPES 


Carbon 13 * Nitrogen 15 
Boron 10 and 11 | 
Deuterium * Oxygen 17 and 18 


Highest Enrichment and Purity 
Wide Variety of Labeled Compounds 


Write for free literature. 
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neutron 
generator 
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than $5,000” 
OMNITRON 








shown mounted in use. 


Greatly increases research capabilities of sub-critical assem- 
blies and training reactors. Allows demonstration of fusion 
reactions and neutron counting techniques, makes radio 
isotopes and studies transient behavior of neutrons. Is simply 
constructed, compact, portable. Requires no special install 
tion or power facilities. Five different models available. 
Prices start at $4,959. 


CENTRAL SCIENTIFIC CO. 
CANCH A Subsidiary of Cenco Instruments Corporation 
® 


a- 


1736 Irving Park Road + Chicago 13, Illinois 
Branches and Wareh = Mountainside, N. J. 
Boston © Birmingham © Santa Ciara @ Los Angeles * Tulsa 

® Toronto @ Montreal « Vancouver © Ottawa 
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2!} types of 
SAFETY ENCLOSURES 


for handling hazardous substances 


VACUUM 
DRY BOX 


for work in con- 
trolled atmosphere 
¢ sloping front « 
round autoclave- 
type air lock. 


Safety is the first consideration in this newly-designed 
stainless steel laboratory equipment. These enclosures 
make it safer—and easier—for the technician to work 
with contaminants, micro-organisms, live viruses, in- 
fected animals, poisonous and radioactive substances. 
Stainless steel constructed with crevice-free surfaces, 
generously rounded corners, for easy cleaning and de- 
contamination. Write for illustrated folder describing 
22 different kinds of enclosures. S. BLICKMAN, INC., 
7912 GREGORY AVENUE, WEEHAWKEN, N. J. 


UNITIZED 
ENCLOSURES 


Low in cost « 
Stainless steel 
« Modular 
construction 
adapts to many 
uses. 


CALIFORNIA-TYPE 
FUME HOOD 


For handling radioac- 
tive materials « dual- 
sided for double oper- 
ation. 





MICRO-BIOLOGICAL 
SAFETY CABINET 


Back or top mount- 
ing of biological fil- 
ter canister « air 
lock if wanted, 





BLICKMAN SAFETY ENCLOSURES 
| Look for this symbol of qualty FIRE 
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Remotely-Controlled Manipulator, Instrument Bridge 
Giant mechanical arm (above, left) is designed to lift up to 5,000 Ib. Precise con- 
trol is maintained from console located outside radiation area. Device is used for 
Los Alamos nuclear-rocket program (Project Rover). Remotely-controlled in- 
strument bridge (above, right) will span two 30-ft-deep end-to-end reactor pools 
used by General Electric’s Aircraft Nuclear Propulsion Department at Arco, 
Idaho. The 60,000-lb bridge has carefully-machined position-indicating racks 
and control-system components machined with fine-watch quality. An auto- 
matic-positioning system incorporates analog-to-digital encoder which can be 
preset to move bridge automatically to any position in either pool. Instrument 
readings and X, Y, Z and angular positions of the probe are fed to remotely- 
located control unit and correlated.—General Mills, Inec., Nuclear Equipment 
Department, Minneapolis 26, Minn. 

2,000—6,000 unions have 
threaded or socket-weld ends of 304 or 
316 stainless which is easily welded. 
Unions are for pipe sizes of 4-2 in. 
The Special Screw Products Co., Bed- 
ford, Ohio. 


psia, the 


Spectrometer Computer 


Spectrometer computer model PHA-IS 
permits direct readout without need of 
interpolation. A  10-turn 
switch controls threshold sensitivity, 


base-level 


and window-control switch determines 
Instru- 
ment can also be used as decade scaler. 
Nuclear Measurements Carp., 2460 

Arlington Ave., Indianapolis 18, 


portion of spectrum counted. 


High-Pressure Test Loop N. 


A high-pressure heat-transfer loop Ind. 
(above) supplies 
pressure-drop data required for boiling- 
water reactor design. A 60,000-amp, 
30-v generator supplies power through 
simulated reactor fuel elements to pro- 
duce the variables affecting heat trans- 
fer. Maximum designed pressure and 
temperature are 1,500 psi and 600° F.— 
Allis-Chalmers Mfg. Co., Milwaukee 


1, Wisc. 


heat-transfer and 


Metal-Bellows Seal 

Mechanical, end-face-type bellows seal 
provides a positive seal at temperatures 
and speeds and in mediums not suit- 
able for organic materials. The metal 
bellows is a welded homogeneous unit 
that is secured to the outer shell at one 
end; a carrier (in which the seal face is 
mounted) is secured at the other end. 
The precision lapped face surfaces can 
be materials including carbon, carbides, 
Corrosion-resistant, high-pressure, ceramics and various alloy metals. 
stainless steel pipe unions are available Chicago Rawhide Mfg. Co., Chicago, 
with confined Teflon seals. Rated at IIl. 
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Stainless Pipe Unions 


Ultrasonic Cleaner 


Model 240 ultrasonic cleaner features 
generator delivering 250-w average out- 
put and peaks of 1,000 w. Forty-four 
per cent of the 5-gal tank bottom is 
covered with driving elements.—Na- 
tional Ultrasonic Corp., 111 Mont- 
gomery Ave., Irvington 11, N. J. 
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Hot Laboratory Glassware 


Radioactive hazard symbol is fused 
into glassware (above) that is to con- 
tain Hot lab 
glassware items include graduated ware, 


radioactive materials. 
standard-taper ground-joint glassware, 
high-vacuum stopcocks, thermometers, 
hydrometers and moulded items.— 
Atkins Technical Inc., 1276 W. 3rd St., 
Cleveland 13, Ohio. 


Hot-Lab Equipment 


Powered rod runner and rotating ring 
stand (above) provide remotely-con- 
trolled linear rotating motion. 
Standard 44-in.-dia vertical rod is 2-ft 
Rod runner 
can lift 20 lb at up to 45 in./min and 
can rotate at speeds up to8 rpm. One 
or more units can be remotely operated 
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long; 2 rods can be joined. 
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Another reactor assignment for /racerlab 


& 2 | eA re 
Off-the-Shelf. Standard MAP-I moving 
filter Air Particulate Monitor with isokinetic 
nozzle. Engineered in a standard configura- 
tion to serve a variety of applications at 
low cost. 


Special. Constant volume gas monitoring sys- 
tems composed of pump, constant volume 
regulator, filter and water separator, flowme- 
ters, samplers, associated piping and valves. 
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At the Dresden Nuclear Power Station, Tracerlab supplied both off-the-shelf 
and special systems for continuous radiation monitoring. 

These systems are typical of the dependable instruments and the design and 
engineering capabilities of the 12-year-old Tracerlab Reactor Monitoring Center 
— suppliers to major reactors. 

Take advantage of Tracerlab’s unique reactor-monitoring experience when 
planning your facilities. 

See your local Tracerlab Representative or write to us at Richmond. 


TRACERLAB, INC. REACTOR MONITORING CENTER 
2030 Wright Avenue, Richmond, California. Telephone LAndscape 5-8510 
Offices in ATLANTA, BOSTON, CHICAGO, COLUMBUS, DETROIT, HOUSTON, LOS ANGELES, NEW 


YORK, PHILADELPHIA, SAN FRANCISCO, ST. LOUIS, WASHINGTON, D.C.; AMSTERDAM, HOLLAND. 


SYSTEMS for radioactive particles — liquid monitoring — gas monitoring — fission products 
monitoring — area radiation monitoring — fuel element rupture detection — gas coolant 
cleanup. SERVICES in radiochemical and radioanalytical procedures. 
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PRODUCTS & MATERIALS (above), thus offering direct galvanic 
EW! This article starts on page 122 protection to steel.—Carboline Co., 
N BENDIX 32 Hanley Industrial Ct., St. Louis 


17, Mo. 
from special power pack. Also avail- 
mr able are mercury and sodium hot-lab Miniature Survey Meter 


lights that can be removed from hot-lab Radiation survey meter weighs <8 oz 


DOSIMETER wall by master-slave manipulator which nq jts three models have ranges of 


ean replace bulbs. Parts are stainless a ; 9_9 She 
de MEASURES INTEGRATED ExPosuRES : I 0 Bit slash ape o. 0.005-50, 0.01 100 and 0.02—200 r/hr. 
TO X AND GAMMA RAYS steel for easy decontamination. 1¢ Accuracy is +305. Energy response 
‘reury Is x ‘es 2 ns or or ‘ 
deAnvneven ron waTenme reus mercury lamp produce: aH/000 Soman » is +25% at 0.08-1.2 Mev.—Jordan 
PROCUREMENT BY OCDM the sodium lamp 10,000. tesearch Electronics, Alhambra, Calif. 
Equipment Co., P. O. Box 127, Glen 


Product of famous Bendix precision Ellyn, Ill. 
craftsmanship, this 200mr Dosimeter : 
offers the utmost ality and rel 


ability. Weighs loss than ti. cance, | Miniature Solenoid Valves 

Only 444” long and 2” in diameter 

Highly shock resistance. Write nenntx_ | Miniature, small-port, two- and three- 
AVIATION coRP., Dept. G-12, 3130 


Wasson Road. Cine;pati & Ohio | WY direct-acting solenoid valves are 


available with brass or stainless-steel 
Cincinnati Division bodies. Features include a-c shading 
Cincinnati, Ohio coils of fine silver, fully rotatable coil 
housing for electrical connections from 
any angle and a broad selection of pipe 
and tube connections.—Hoke, Inc., 133 
Canadian Sales: Computing Devices of Canada, Ltd., Piermont Rd Cresswell N J 


Box 508, Ottawa 4, Ontario. Export Sales: Bendix 
International, 205 E. 42nd Street, New York 17, N. ¥. 


Sp, 


= 
2 
20-Megohm-Water System 


A packaged water-purification system 
(above) can deliver 20-megohm water. 


rf tinse water at elevated temperatures 

Sodium lodide (Tl) Crystals ae is cooled, processed through filtration 
Be : 5 and ion-exchange demineralization 
pow available with a Log Counting-Rate Meter equipment and reheated.—Pfaudler 


Permutit, Inc., 50 W. 44th St., New 


| GUARANTEED RESOLUTION Rack-mounted counting-rate meter Vokes MY 


(above) has a maximum-count limit 
TYPICAL GAMMA RAY SPECTRUM switch for activating an external sig- 
nal. Scale expansion allows selection 
aa of any three adjacent decades; ranges 
SOURCE DIST. 15 are 1—10%, 10-104, 102-10° and 1-10° 
anaes eps.—Hamner Electronics Co., Inc., 


Princeton, N. J. 





COUNTS PER MINUTE 











RESOLUTION = = . 100 


Inorganic Zinc Coating 200-Channel Analyzer 


Scintex Brand Crystals. An inorganic zine coating provides a Model 34-8 transistorized 200-channel 
ee naert cs caeen high degree of galvanic protection and analyzer (above) has ferrite-core mem- 
. eliminates: subfilm rusting in salt or ory system. Linearity exceeds 0.5%, 


CRYSTALS DIVISION fresh water and solvents. Applied by average dead time is 60 usec and nor- 
ISOTOPES, INC brush, spray or roller the rapid-drying mal capacity is 100,000 cps. Auto/ 
° 7 ° . . . P 

t coating has many properties of hot- yrint, memory subgrouping, external 

123 Woodland Avenue, tae ppar tee Bi gar “aber " 4 ets: waaay 
Weetw N } dipped galvanizing. Zinc film goes programming and spectrum transfer 
estwood, New Jersey slowly into solution when immersed circuit are included. Input can exceed 
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5 X 10° cps without distortion or shift 
of data.—Radiation Instrument Devel- 
opment Laboratory, Inc., 5737 8. Hal- 
sted St., Chicago 21, IIl. 


Hydraulic Valve 


Tubular, mouth-diameter hydraulic 
valve (above) can be designed from 44 
to 36+ in. Valves respond to imposed 
frequencies up to 120 eps with full 
strokes open-closed or closed-open 
within 3-10 msec. Pressure ratings 
range from 25-12,000 psi and tempera- 
ture can vary from —65° to +400° F. 
Sendix-Pacific Division, 11600 Sher- 
man Way, N. Hollywood, Calif. 


¢. 


High-Volume Air Sampler 


Turbine-type blower is used in the high- 
volume air sampler (above). A special 
{-in.-dia filter for a-particle detection 
has a flow rate of 18-20 cfm; about 95% 
particulate matter down to 0.001 yu is 
collected, and 70% of alphas are 
counted, 30% absorbed. Special 
adapter accommodates 6- X 9-in. filter 
with 50—55-cfm flow rate.—The Staplex 
Co., Air Sampler Div., 777 5th Ave., 
3rooklyn 32, N. Y. 


Area Monitoring System 


Environmental air particle and gas 
monitoring systems provide for central 
control of radiation and contaminant 
levels throughout a facility. Sensitivi- 
ties of 10-"' uc/cm* have been reached, 
but settings of warning alarms are most 
common at 10-7 to 10-5 we/em.* ~ Re- 
mote Radiation Monitoring System 
uses 6 y-sensing elements and the cen- 
tral control station, which includes a 
strip-chart recorder. Stack Effluent 
Monitor controls and monitors stack 
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for radiation 
measurements... 


The name Ekco Electronics, Ltd. signifies more than world-wide repre- 





sentation and acceptance on six continents. Whether it be instruments 
for precise radiation measurements, unique laboratory research, reactor 
monitoring, public health and plant safety, or industrial gaging through 
isotopes, Ekco Electronics, Ltd. on the nameplate of an instrument 
represents the acme of excellence in design, performance, dependability 
and long-lasting value. An impressive list of companies and institutions 
throughout the world use Ekco equipment. 


Instruments shown above are a small part of the complete range of 
instruments, accessories, and systems described in the EKCO catalogs. 
We cordially solicit your inquiry. 








---and of particular interest 
the EKCO low-cost Scintillation System for Tritium and Carbon 14 counting. 


The EKCO Scintillation Counter has been thoroughly evaluated and 
proved in actual use. It is accepted as the best dollar value on the market 
. . . convineing proof that superb instrumentation need not be expensive. 
Also quickly and easily converted for gamma counting! 


AVAILABLE FOR IMMEDIATE DELIVERY 











EKCO ELECTRONICS, LTD. 


In U.S. A., address all inquiries to: 
American Tradair Corporation, 34-01 30th Street, 
Long Island City 6, New York 
ELSEWHERE: Ekco Electronics Ltd., Southend, England 


PRESENTATION—ARGENTINA—Tecnica Industrial MY B.. Buenos Aires + AUSTRALIA—Siemens Edison Swan (Austratia) Ply Lid 
—Mr 


* INDIA—National Ekco Radio & Eng. Co. L , Fort 
Sitvio Garrone, Rome + JAPAN—Japan Trad: 
UGAL— Com Crocker Delatore S Co. SARL, Né 
Glasgow. C.1 * SIAM—Sino British (Siem) Lid. me 
Johannesburg * SPAIN—Tecnicas Nucleares SA. Madrid + SWEDEN—Erik G Uliman, Stockholm UGUAY—Prescom Trading Co Montevideo 
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TO A 
PHYSICIST'S 
PHYSICIST 


At the Atomic Power Department of Westinghouse the foremost authorities on 
industriat nuclear technology are endeavoring to make atomic power readily and 
economically available. Now, you can take part in this stimulating program to give 
the gift of nuclear fire to the wheels of industry. Westinghouse gives you the oppor- 
tunity to gain recognition for your work and at the same time to take advantage of 
all the facilities of this unique laboratory. Your assignments will bring you into 
contact with other scientists whose interests parallel your own. In this atmosphere 
of scientific enlightenment there are few restrictions on information. Today, at 
Westinghouse you can add your contribution to this field of the future. 


Working at the Atomic Power Department will enable you to take advantage of 
what has been called the Renaissance City of America — Pittsburgh. Here, the 
presence of the atomic age is strikingly evident by the number of world-renowned 
research centers devoted to nuclear science. In addition to all of this, you have the 
advantage of gracious suburban living. 


SENIOR SCIENTIST . . . PhD physicist or mathematician with an unusual degree of 
alertness and initiative. MS in physics or mathematics with several years experience 
in either reactor calculations or critical experimentation. 


SCIENTIST . . . PhD in physics with experience in the Atomic Field desirable, but 
not essential; or BS degree with 5 years experience in the nuclear field ORSORT 
or nuclear engineering background acceptable. 


SCIENTIST ... PhD in physics or related fields. Must have the type of personality that 
lends itself to LEMD work and in addition possess a high degree of creative ability. 


Send resumé to Mr. C. S. Southard, 


Westinghouse Atomic Power Dept., P.O. Box 355, Dept. W-22, Pittsburgh 30, Pa. 


Westinghouse 


FIRST IN ATOMIC POWER 
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particulate matter. A moving filter 
tape samples matter, measures its 
radioactivity and indicates and records 
results. Filtered gaseous samples are 
measured by a scintillation detector.— 
The Victoreen Instrument Co., 5806 
Hough Ave., Cleveland 3, Ohio. 


Scaler, Printer and Computer 
Model SC-72V scaler has range of 
500-5,000 volts, and SC-73 II, 500- 
2,500 volts. Both have front-panel 
discriminator calibrated between 50 mv 
and 2 volts and l-ysec resolution. 
Resolving time can be increased to 
25 usec. Auto/Printer SC-87 supplies 
sample number, elapsed time and total 
counts on printed tape. Auto/Com- 
puter SC-88 prints this information; it 
computes and prints counts per minute 
of each sample.—Tracerlab, Inc., 1601 
Trapelo Rd., Waltham 54, Mass. 


Scintillation Water Monitor 


Trace amounts of radioactivity in a 
city’s water supply can be detected 
with scintillation flow-water monitor. 
Thallium-activated Nal crystal that is 
sensitive to B and y radiation is used. 
Amplifier incorporates pulse-height an- 
alyzer, and radioactivity level is read 
out on log-counting-rate meter. Sen- 
sitivity exceeds 10~-® uwe/em of I44.— 
The Victoreen Instrument Co., 5806 
Hough Ave., Cleveland 3, Ohio. 


Remote-Controlled Sweeper 

Remote-controlled decontamination 
sweeper (above) can start, stop, turn, 
shift gears and dump its 4-yard load 
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SHEET LEAD 
LEAD BRICKS 
LEAD PIPE and 


e Lead Fittings 


e Powder 
e Wool 


LEAD SPECIFICATIONS 
SIZES and WEIGHTS 


PHYSICAL @ CHEMICAL PROPERTIES 


SOUTHERN LEAD 
ROLLING COMPANY 


2823 N. Westr DALLAS TEXAS 
"0. Box 6195, Phone FE 1-3 


® Call or Write us for figures on §j 
your specific requirements in the §J 
g NUCLEAR FIELD. We can serve you i 


B nationally or internationally. 
= ee a a a are 


JUST OUT... 


if you want to buy products 
or need more data in the 


NUCLEONICS 
industry .. . 





then here is your point of 
information 


a 


NUCLEONICS 
1959 


BUYERS’ 
GUIDE 
ISSUE 














Expanded, up-dated, accurate, 
complete, 1959-1960 


NUCLEONICS BUYERS’ GUIDE Issue 
A McGraw-Hill Publication 
330 West 42nd Street, N.Y. 36, N.Y. 











Vol. 17, No. 12 - December, 1959 





| Lanesville 





|material pumped. 
| . . . 

sive slurries, sterile solutions or gases 
| 
can 


frame. 


with no one at the wheel. Closed- 
circuit TV permits the operator, who | 
can be in a shielded shelter, to control | 
the machine, which can sweep an| 
87-in.-wide path at up to 35 mph.— | 
G. H. a Co., 721 N. Lilae Dr., 


Minneapolis 22, Minn. 





18- -Megohm-Water System 


| Pure-water equipment (above) con- | 


|nected in series produces 18- megohm | 


water free of bacteria, organics, silica 
and particles. Sand 
and carbon filters precede a four-bed 


submicroscopic 


demineralizer which removes most ion- 
izable impurities, and two high-purity 
stills remove remaining nonionizable, 
suspended and impurities. 
Final traces of ionizable impurities and 
submicroscopic particles down to 0.45 yu 
are removed in two later stages.— 
Barnstead Still and Sterilizer Co., 222 | 
Terrace, Boston 31, Mass. | 


| 
| 


gaseous 


SERVRITE, 
e 


thermocouple 
extension 


wire in 


MULZMPAIR CABLE 
it 
cuts 
installation 
costs 


When four or more pairs of thermocouple 
extension wires are needed, Serv-RITE 


| thermocouple extension cable will reduce 


installation costs several ways. It takes 
considerably less time compared to pull- 


| ing individual pairs of wires through 


Peristaltic Pump 


Squeegee action of a double rotor on | 
flexible tubing results in a peristaltic | 
pump (above) which eliminates all | 
contact of moving pump parts with the | 
Corrosives, abra- | 


handled. Available models 
pump 54 and 185 gal/hr.—Randolph 
Co., 1018 Rosine St., Houston 19, Tex. 


be 


Electric Safety Lock 


Versatile, electric safety lock consists | 
of split transformer with the halves ae 


'tached to an access door and the door 


Main circuit can not be closed | ¢19 wese 30th $ | Chi 16, Iilinet 
2015 Hamilton Ave., 


luntil the two halves are brought to- 


conduit. Cable also permits the use of 
much smaller conduit than for the same 
number of individual wires. It can be 
hung without conduit, or installed in 
open trough or by direct burial. 

The cable, as well as each conductor, 
is color coded. Also, each pair of wire 
is marked for quick identification. 

Cables with multiple pairs of four or 
more conductors of the commonly used 
types are carried in stock. 


Write for Bulletin No. 1200-3 
for specifications and data on SERV-RITE 
thermocouple extension cables. 


CLAUD S. GORDON CO. 


cturers @¢ Engineers @ Distributors 


" Cleveland 14, Ohie 
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This Tobe condenser bank has a short- 
circuit current of 15 million amperes and a 
rise time of 2.8 microseconds. It is adding 
momentum to experiments by A. C. Kolb on 
high-velocity shock waves in thermonuclear 
devices at the U.S. Naval Research Labs 


The 99 Tobe condensers shown — totaling 
1,430 uf—store 285,000 joules at 20 kv, 
and create discharge currents of 7-10 mil- 
lion amperes into an external inductance of 
about 0.01 uh. 


C DE 
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The NRL installation is another page in the 
rapidly expanding catalog of thermonuclear 
devices in which Tobe condensers have been 
used. The same creative engineering in ac- 
tion is yours to command, whether for 
energy-Storage condensers, pulse- forming 
networks or any high-power condenser ap- 
plication. 


For technical information or engineering aid, 
write Cornell-Dubilier Electric Corp., Market- 
ing Office, Norwood, Massachusetts. 


CORNELL-DUBILIER ELECTRIC CORPORATION 
Affiliated with Federal Pacific Electric Company 


| PRODUCTS & MATERIALS 
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gether exactly in proper position; door 
cannot be opened until current is 

| switched off.—Lindley & Co., Inc., 248 
Herricks Rd., Mineola, N. Y. 


Thermonuclear Capacitors 


Low-inductance, high-current-capacity 
capacitors utilize kraft paper vacuum- 
coated with zine on both sides in layers 
4 < 10-° in. thick. 
tends. 0.04 in. beyond one edge of the 


The coating ex- 


| paper but does not cover a narrow strip 


of the paper at the other end thus form- 
ing an insulating zone. The zine pro- 


jections are connected together by 
means of sprayed links designed to ex- 
tend over a considerable portion of each 
As a result 
Several ele- 
the 
the capacitor 


winding’s circumference. 


inductance is very low. 


ments are connected in conven- 


tional manner within 


case (above). Capacitors are self-re- 
pairing since zine layer surrounding 
rupture point is evaporated and short- 
is effectively quenched in 
0.1 ywsec. Already in 


laboratories in Aachen and Saclay, the 


circuit are 
use at fusion 
capacitors are available in many sizes. 
Robert Bosch, Stuttgart, West 


Germany. 


Inc., 


Nonoverload Amplifier 


Model N 303 nuclear instrumentation 
system (above) combines a basic non- 
overload amplifier and a highly regu- 
lated, low-voltage power supply with a 
differential discriminator, plus an inde- 
pendently controlled integral discrimi- 
nator. Rise time is <0.2 psec; line- 
arity in 0-100-v range is better than 


December, 1959 - NUCLEONICS 





0.1% into loads >10 k. Integral dis- 
criminator has 0.1l-usee resolution and 
0.5% linearity. Pulse-height analyzer 
has 1.3-usec resolution, 0—-100-v base 
line range and 0-10-v window range 
with larger voltage ranges optional.— 
Hamner Electronics Co., Inc., 
ton, N. J. 


1,000° F Flexible Cable 


Flexible coaxial cable can operate con- 
tinuously at 1,000° F and at higher 
temperature for short-time excursions. 


Prince- 


Cable system consists of flexible, special 
metal-alloy-jacketed r-f coaxial cable 
with series N, C or SC connector termi- 
nations and is resistant to radiation, 
shock, vibration and moisture. Cable 
ore is modified semisolid silica; inner 
nd outer conductors are coated, oxy- 
gen-free, high-conductivity copper 
wir Amphenol Cable & Wire Div., 
\mphenol-Borg Electronics Corp., 5. 
Harlem at 63rd St., Chicago 38, IIl. 


+4 


All-Mercury Annunciators 


Line of annuciators (above) features 
100% mercury relay contactors that 
are sealed to require no hermetic 
sealing. Design of many circuits elim- 
inates current drain to annunciator in 
normal position. Unitized construc- 
tion features removable, 
plug-in units and accessible terminal 
wiring for both front and rear con- 
nectors.—Tigerman Engineering Co., 
1332 N. Western Ave., Chicago 18, Ill. 


LITERATURE AVAIBABLE 


‘Glass Fiber Filter Paper.’’ 2 pp.; 
Gelman Instrument Co., Box 86, 
Chelsea, Mich. 


‘Nuclear Power Development.’’ 27 | 


pp.; The Babeock & Wilcox Co., 
Atomic Energy Div., 161 E. 42d St., 
New York 17, N. Y. 


Multiple-pressure readout system. 


Catalog 30B1000, 12 pp.; Fischer & | 
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INSURE 
TUBE 
ARI-UP 
wi 
ISOTOPE 
SOURCES 
FROM 
U.5.RADIUM 


Leading electron tube manufacturers now rely on isotopic ionization 
sources from U. S. Radium to insure quick start-up and maintain firing 
stability. 

U. S. Radium now offers plated electrodes and radium foil in required 
configurations for incorporation in electron tube envelope design. Use of 
such isotopes as Ni® eliminates problems associated with improper firing 
due to prolonged storage or extreme environmental conditions. 

U. S. Radium’s plated electrodes and foil elements are easily installed, 
eliminating the cumbersome, inaccurate and hazardous methods asso- 
ciated with the evaporation of radioactive solutions within a tube. 

Investigate isotope sources for your tube andi ce) 
ionization problems. Write Department F12 


UNITED STATES RADIUM CORPORATION 


MORRISTOWN, N.J. | Offices: Chicago, Illinois and North Hollywood, Calif. Subsidiaries: Radelin Ltd., 
Port Credit, Ont., Canada and U.S. Radium Corp. (Europe), Geneva, Switzerland. 
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Narda SonBlasters... 


for lowest-cost, mass-produced 
ultrasonic cleaners! 


The most complete line of ultrasonic cleaners 
at lowest prices in the industry, available off- 
the-shelf for immediate delivery. And with a full 
two-year warranty besides! 


No matter what you want to clean —“hot”’ lab 
apparatus, medical instruments, electronic com- 
ponents, automotive, missile and avionic parts 
and assemblies, optical and technical glassware, 
timing mechanisms — Narda SonBlaster ultra- 
sonic cleaners will do the job faster, better and 
cheaper! Write for more details now and we'll 
include a free questionnaire to help determine 
the precise model you need. Address: Dept. N-32. 


Generator G-202, 35 watts; 
Transducerized Tank NT-202, 
Capacity: % gallon. $220 


Generator G-601, 60 watts; Transducerized Tank NT-602, 
Capacity: 1 gallon. $350 


Transducerized Tank NT-1505, Capacity: 5 gallons; 
Generator G-1501, 300 watts. $695 


Transducerized Tank {T-5001, Capacity: 
Generator G-5001, 500 watts. 


Mt 


Transducerized Tank 
NT-25001, 

Capacity: 75 gallons; 
Generator G-25001, 


2500 watts. $4360, 


10 gallons; 


$1325. 


Consult with Narda for all your ultrasonic 
requirements. The SonBlaster catalog line of 
ultrasonic cleaning equipment ranges from 35 
watts to 2.5 KW, and includes transducerized 
tanks as well as immersible transducers which 
can be adapted to any size or shape tank you 
may now be using. If ultrasonics can be applied 
to help improve your process, Narda wil! recom- 
mend the finest, most dependable equipment 
available—and at the lowest price in the industry! 


_ DD a 
Narada somes 


STREET, WESTBURY, L.1., N.Y 
ire Boulevard, Los Angeles 5, Calif 


of The Narda Microwave Corp 


Chemical 


| **Hastelloy Alloy N."’ 


Six electronicinstruments. 


| Four booster vacuum pumps. 


| PRODUCTS & MATERIALS 


Department starts on page 122 


Porter Co.; 225 Jacksonville Rd., 
Hatboro, Pa. 


| Electromechanica! breadboard parts. 


24 pp.; Beckman Instruments, Inc., 
Newport Beach, Cal. 


Flame spectrophotometry. Bulletin 
753, 1 p.; Beckman, Scientific and 
Process Instruments Div., 2500 Ful- 
lerton Rd., Fullerton, Cal. 


Index. Catalog 123, 370 
pp.; Fischer Scientific Co., 633 
Greenwich St., New, York 14, N. Y. 


Time and event recorders. 4 pp.; 
American Electronics, Inc., 75 Front 
St., Brooklyn 1, N. Y. 


Custom-made industrial coils. Bulle- 
tin 8-30, 4 pp.; Stonite Coil Corp., 
Yardville, N. J. 


12 pp.; Haynes 
Stellite Co., Div. Union Carbide 


Corp., Kokomo, Ind. 


lab equipment. Vol. 
20 pp.; Picker X-Ray 
Broadway, White 


Radioisotope 
III, No. 4, 
Corp., 25 S. 


Plains, N. Y. 


Servo and instrument mechanisms, 
components. 6pp.; Precision Mech- 
anisms Corp., 577 Newbridge Ave., 
East Meadow, L. I., N. Y. 


4pp.;Gyra 
Electronics Corp., 518 N. Spring 
Ave., La Grange Park, IIl. 


“High Pressure Pumps.’’ 12 pp.; 
Autoclave Engineers, Inc., 2955 W. 
22nd St., Erie, Pa. 


‘Universal Impedance Bridge.’’ Ip.; 
General Radio Co., West Concord, 
Mass. 


‘Wall Chart of Conversion Factors.”’ 
Precision Equipment Co., 4411 E. 
Ravenswood Ave., Chicago 40, III. 


Electrometers. 8 pp.; Victoreen In- 
strument Co., 5806 Hough Ave., 
Cleveland 3, Ohio. ‘ 


Ultrasonic cleaning equipment. 
“Cleaning Miniature Differentials”’ 
and ‘Cleaning Gyros Ultrasonic- 
ally,’”’ Accoustica Assoc., Inc., Dept. 
S, Fairchild Court, Plainview, L. L., 
i 2 


Bulletin 


4 pp.; F. J. Stokes Corp., 


515, 


Vacuum Equipment Div., 5500 Ta- 
bor Road, Phila. 20, Pa. 


Ceramic fiber materials. 14 Tech- 
nical Data Sheets; Advertising 
Branch, The Carborundum Co., 
Niagara Falls, N. Y. 


Argon Leak Detector. 2 pp.; Vacuum 
Instrument Corp., Huntington Sta- 
tion, N. Y. 


‘‘Analog-To-Digital Recorder.’’ 8 pp.; 
Fischer & Porter Co., 151 Jackson- 
ville Road, Hatboro, Pa. 


Pressure pickup. Bulletin 1541, 2 pp.; 
Consolidated Electrodynamics Corp., 
360 Sierra Madre Villa, Pasadena, 
Cal. 


‘Brown Magnetic Amplifier.’’ 2 pp.; 
Minneapolis-Honeywell Regulator 
Co., Wayne and Windrim Aves., 
Phila. 44, Pa. 


‘Silicon Transistors."" 6 pp.; General 
Transistor, 91-27 138th Place, Ja- 
maica 35, N. Y. 


‘Liquid He Research Dewars.”’ 44 
pp.; Hofman Laboratories, Inc., 5 
Evans Terminal, Hillside, N. J. 


‘Centralized Control Panels.’’ Bul- 
letin 4543, 12 pp.; Permutit Co., 
50 W. 44th St., New York 36, N. Y. 


‘Paper Chromatography & Electro- 
phoresis Equipment.’’ 68 pp.; Re- 
search Specialties Co., 200 8S. Gar- 
rard Blvd., Richmond, Cal. 


Nuclear instrumentation. Condensed 
Catalog F, 52 pp.; Tracerlab, Inc., 
1601 Trapelo Rd., Waltham 54, 
Mass. 


Nuclear instruments. Instrument 
catalogue, 84 pp.; Etelco Ltd., In- 
strument Div., High Church St., 
New Basford, Nottingham, England. 


‘Linear Variable Differential Trans- 
formers."’ 2 pp.; Schaevitz Engi- 
neering, P.O. Box 505, Camden 1, 
N. J. 


Alpha scintillation counting. ‘AL- 
PHA-A-CAL,”’ 4 pp.; Decalcomania, 
har-D-cal, Box 455, Williston, 8. C. 


‘Convenient Tables & Formulas.’ 
120 pp.; Westinghouse Electric 
Corp., Box 2099, Pittsburgh 30, Pa. 


“Uranium & Thorium Foil.’’ 1 p.; 
M&C Nuclear, Inc., P.O. Box 898, 
Attleboro, Mass. 

‘Scintillation Grade Fluors & Plastic 
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Scintillators."’ 4 pp.; Pilot Chemi- 
cals Inc., 36 Pleasant St., Watertown 


72, Mass. 


Molybdenum. ‘“PH55 Alloys,” 10 
pp.; Sales Promotion Dept., Cooper 
Alloy Corp., Hillside, N. J. 


Aluminum, Brass, Copper. ‘Index of 
Products Alloys Forms,” 4 pp.; 
Bridgeport Brass Co., Bridgeport 2, 
Conn. 


Biochemicals & radiochemicals. 1959 
catalog, 28 pp.; Schwarz Lab., Inc., 
230 Washington St., Mount Vernon, 
a Ee 

Radiochemicals. Catalog & Price list, 
36 pp.; New England Nuclear Corp., 
575 Albany St., Boston 18, Mass. 


Radioisotope gages. ‘Complicated 
Measurement Problems & Their 
Uncomplicated Solutions,” 4 pp.; 
Radiation Counter Laboratories, 
Inc., 5121 W. Grove Ave., Skokie, 
Ill. 


‘‘Ultra-Precision Beryllium Machining 
Facilities."’ 6 pp.; ALSCA Beryl- 
lium Machining Corp., Valley 
Stream, N. Y. 


‘Labeled Compounds.’’ 24 pp.; Volk 
Radiochemical Co., 5412 N. Clark 
St., Chicago 40, Ill. 


Rare earthmetals. Data Sheet, 2 pp.; 
Research Chemical Div., Nuclear 
Corp. of Amerjca, P.O. Box 431, 
Burbank, Cal. 


‘‘Pic-A-Pump”’ 1959 Catalog. 550 pp.; 
Allis-Chalmers Mfg. Co., Milwaukee 
1, Wis. (Request from Allis-Chal- 
mers district offices or distributors.) 


‘Surface Pyrometers.’’ 4 pp.; Atlan- 
tic Pyrometers, Inc., 190 Warburton 
Ave., Hawthorne, N. J. 


Plastic fluors. Bulletin FL-201, 4 pp.; 
Cadillac Plastic and Chemical Co., 
15111 Second Ave., Detroit 3, Mich. 


Semiconductor Devices. Transitron 
Electronic Corp., 168-182 Albion St., 
Wakefield, Mass. 

Carbon-14-labeled compounds. 8 
pp.; New England Nuclear Corp., 
575 Albany St., Boston 18, Mass. 


Pulse generator; preamplifiers; Forms 
3022 and 3023. 2 pp. each; Vic- 
toreen Instrument Co., 5806 Hough 
Ave., Cleveland 3, Ohio. 

‘Filter Assemblies."’ 4 pp.; Aircraft 
Porous Media, Inc., Glen Cove, N. Y. 
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chemical valves. 


A-155, 190 pp.; Associated Valve | 
Co., 337 W. Walnut St., North Wales, | 
Pa. 


‘Chemical and Process Pumps."’ 19 
pp.; Lawrence Pumps, Inc., 371 Mar- 
ket St., Lawrence, Mass. 


“Vacuum Equipment Summary."’ 16 
pp.; NRC Equipment Corp., 160 
Charlemont St., Newton 61, Mass. 


Pressure transducers. Bulletin 
PDH-4, 2 pp.; Crescent Engineering | 
& Research Co., Electronics Div., 
5440 N. Peck Rd., El Monte, Calif. 


“Electronic Thermometer.’ 2  pp.; 
Atkins Technical, Inc., Marion Bldg., 
Cleveland 13, Ohio. 


Precision machining. Assorted litera- 
ture; Kiffer Tool & Die, Inc., 5601 
Tillman Ave., Cleveland 2, Ohio. 

“Shaped Tubing.’ 4 pp.; Superior 
Tube Co., 1552 Germantown Ave., 
Norristown, Pa. 

‘BF; Neutron Detectors."’ 2 pp.; Nu- 
clear-Chicago Corp., 223 W. Erie St., | 
Chicago 10, Ill. 


‘Centrifugal Castings.’’ 15 pp.; 





Sandusky Foundry & Machine Co., 

Sandusky, Ohio. 

Fluid and slurry density gage. 2 pp.; | 
Ohmart Corp., 2236 Bogen St., Cin- | 
cinnati 22, Ohio. 


Nuclear radiation activities. 8 pp.; 
Research Labs., Nuclear Electronics 
Dept., Hughes Aircraft Co., Culver 


City, Calif. 


X-ray, y-ray quality control. 8 pp.; | 
R-P & C Valve Div., American Chain 
& Cable Co., Inc., Reading, Pa. 


| 
“R & D Facilities."’ Corporate bro- | 
chure, 24 pp.; H. K. Ferguson Co., | 


Cleveland 14, Ohio. 





The New 
AM-33R 
Air 
Monitor 


The AM-33R is First to Provide 
Direct \dentification 
of Long Half-Life Emitters 


| Due to natural radon progeny, identifica- 


Corporate capabilities. 50 pp., U.S. 
Industries, Inc., 250 Park Ave., New 
York 17, N. Y. 

“Urethane Coatings."’ 4 pp.; Poly- 
Form Mfg. Co., Escondido, Calif. 


“‘Deionizer."’ Bulletin 513, 2 
Elgin Softener Corp., Elgin, II. 


PP-; 


Tungsten & moly crucibles. 4 pp.; 
Kulite Tungsten Co., 1040 Hoyt 
Ave., Ridgefield, N. J. 


Gamma density and level gages. 
Bulletin 105-C, 6 pp.; Ohmart Corp., 
2236 Bogen St., Cincinnati 22, Ohio. 


Reinforced plastic tanks. Bulletin 
P-11, 28 pp.; Haveg Industries Inc., 





tion of long half-life emitters with ordinary 
monitors means a delay of five hours 
or more, and requires multiple detectors. 
Now, with the new AM-33R air monitor, 
the presence of these emitters can be iden- 
tified directly, and almost immediately— 
with a single detector. 
PRICES— FOB, INDIANAPOLIS 


AM-33R (Moving Filter) 
Illustrated 


AM-22R (Fixed Filter) 
FOR DETAILS, PHONE LIBERTY 6-2415 COLLECT 


CD 


Nuclear Measurements Corp. 


2460 N. ARLINGTON AVE. 
INDIANAPOLIS 18, INDIANA 
International Office: 13 E. 40th St., New York 16, N.Y 
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nuclear disposal 


Takes your 


awenn * 
wasle away 


> 


two locations to serve you 
CALIFORNIA 
and NEW JERSEY 


Nuclear Disposal offers the soundest 
solution to your atomic waste 
problems. They are broadly licensed 
to handle any and all radioactive 
waste material... byproduct, source, 
or special nuclear materials. 


low cost 


Nuclear Disposal’s service is most 
economical. No processing is required 
by the customer. Complete door to 
door, pick-up anywhere in the U.S.A. 
We furnish all containers. 


For complete information, 
call collect now 


IN THE EAST, 
ptione Mitchell 3-7717, Kearney, New Jersey 


IN THE WEST, 
phone LUcerne 1-5548, Walnut Creek, Calif. 


OR WRITE 


nuclear disposal 


A division of 
Nuclear Engineering Company, Inc. 


65 Ray Street, Pleasanton, Californic 
NIRS Lincoln Highway, KEARNEY, NEW JERSEY 
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PRODUCTS & MATERIALS 


Department starts on page 122 


900 Greenbank Rd., Wilmington 8, 
Del. 


‘Products for Nucleonics.’’ Engel- 
hard Industries, Inc., 113 Astor St., 
Newark 2, N. J. 


“Radiation Sources.’’ 12 pp.; Nu- 
clear Systems Div., Budd Co., Phila- 
delphia 32, Pa. 

‘‘Medical Isotope Equipment.'’ 2 

pp.; Nuclear Measurements Corp., 

2460 N. Arlington Ave., Indianapolis 

18, Ind. 


Nondestructive testing. 23 pp.; Solus- 
Schall Limited, 15-18 Clipstone St., 
Great Portland St., London W. 1, 
England. 


Accessories and supplies catalog. 
112 pp.; Keleket X-Ray Corp., 1601 
Trapelo Rd., Waltham 54, Mass. 


‘Fume Hoods.’ 48 pp.; Kewaunee 
Mfg. Co., 5083 S. Center St., Adrian, 
Mich. 


‘Remote Controlled TV Mount."’ 2 
pp.; KIN TEL, 5725 Kearny Villa 
Rd., San Diego 12, Calif. 


‘“Cryogenerators.'’ 6 pp.; North 
American Philips Co., Ine., Cryo- 
genics Div., Mount Vernon, N. Y. 


Protective equipment and apparel. 
8 pp.; Snyder Mfg. Co., Inc., 1458 
Fifth St., N. W., New Philadelphia, 
Ohio. 


Scientific translations. 4 pp.; Con- 
sultants Custom Translations, Inc. 
227 W. 17th St., New York, 11, N. Y. 


oe | 


‘‘Photoconductive Cell.’’ 4 pp.; Elec- 
tron Tube Div., Radio Corporation 


of America, Harrison, N. J. 


Panel mounting meters. 18 pp.; Heli- 
pot Div., Beckman Instruments, Inc., 
Fullerton, Calif. 


‘‘Bioassays for Hazard Control."’ 8 
pp.; ‘Advanced Film Badge Dosime- 
try.’ 4 pp.; Controls for Radiation, 
Inc., 1380 Alewife Brook Pky., Cam- 
bridge 40, Mass. 


Film-badge service. Atomic Film 
Badge Corp., 244-02 Jamaica Ave., 
Bellerose 26, N. Y. 

Three air samplers. 2 pp.; Gelman 


Instrument Co., Box 86, Chelsea, 
Mich. 


‘Linear Count Ratemeter.’’ Bulletin 
CRM-11, 2 pp.; Nuclear Measure- 


ments Corp., 2460 N. Arlington Ave., 
Indianapolis 18, Ind. 


Comparison of multichannel analyzers. 
Radiation Instrument Development 
Laboratory, Inc., 5737 Halsted St., 
Chicago 21, Il. 


‘Gallium Metal.’’ 4 
Co., Ine., 


pp.; Aceto 

Chemical Flushing 54, 
a ¢ 

‘Chemical Milling.’’ 4 pp.; Chemical 
Milling International Corp., 1330 E. 
Franklin Ave., El Segundo, Calif. 


‘Laboratory Chromatograph.”’ 15 
pp.; Consolidated Electrodynamics, 
360 Sierra Madre Villa, 
Calif. 


Pasadena, 


Chromotographic instrument. Lab- 
line, Inc., 3070-82 W. Grand Ave., 
Chicago 22, Ill. 


Magnetic and area flowmeters. Bul- 
letin 90-130-27, 6 pp.; Transistorized 
flowrate indicator. 2 pp.; Fischer & 
Porter Co., 224 Jacksonville Rd., 
Hatboro, Pa. 


Seven reactor-control instruments. 
Bulletins 901-1, -2, -3, -4a, -5a, -6a. 
-7a. Minneapolis-Honey well Regu- 
lator Co., Industrial Div., Phila. 44, 


Pa. 


‘Indicating Recorder Controllers,"’ 
“Signaling Controller.’’ Bulletins 
66 & 51, 4 pp.; Thermo Electric Co., 
Inc., Saddle Brook, N. J. 


‘Analog Computing Instruments."’ 4 
pp.; George A. Philbrick Researches, 
Inc., 285 Columbus Ave., Boston 16, 
Mass. 


Flashers, safety switches and annunci- 
ators. Bulletins 500, 800 & 400M; 
Tigerman Engineering Co., 4332 N. 
Western Ave., Chicago 18, II. 


Monitoring systems. 16 pp.; Nuclear 
Measurements Corp., 2460 N. Arling- 
ton Ave., Indianapolis 18, Ind. 


‘tLow-Level 6-Counting System.’ 1 
p.; Wm. H. Johnston Labs., Inc., 
Box #626, Lafayette, Ind. 


Nuclear educational equipment. 4 
pp.; Atomic Accessories, Inc., 244-02 
Jamaica Ave., Bellerose 26, N. Y. 

‘‘Nuclear Instrumentation.’’ Catalog 

59, 28 pp.; Nucleonic Corp. of Amer- 

ica, 196 Degraw St., Brooklyn 31, 

N. Y. 

19 pp.; Wolverine 
Southfield Rd., 


Heat exchangers. 
Tube Co., 17200 
Allen Park, Mich. 
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INDUSTRY NOTES 





* Alco Products will supply three salt- 
fresh water exchangers and two emer- 
gency coolers for the U. K.’s first 
nuclear submarine—HMS Dreadnought. 
A complete Skipjack-type propulsion 
including the Aleo equipment, 
is being supplied to the British 
by Westinghouse for installation in 


plant, 


Dreadnought. 


* Bridgeport Brass, with the help of 
General Electric, has successfully ex- 
truded clad and unclad yttrium metal 
and its alloys to several mill shapes, 
including tubing. This and _ other 
materials able to withstand high tem- 
peratures (yttrium melts at 2826° F) 
are under development for the aircraft 


nuclear program. 


® AEC has licensed Ocean Transport 
Co., San 
radioactive wastes in the Pacific Ocean. 


Francisco, for disposal of 


Predisposal storage will be at a site in 
Richmond, Calif. The license expires 
Sept. 30, 1961. 


CONSOLIDATIONS. With the aim 
of building up its capability to develop 
and deliver complete nuclear power 
Aerojet-General Corp. has 
merged its Turbo-Machinery div. with 
The in- 


operation will give A-G 


systems, 


Aerojet-General Nucleonics. 
tegrated 
Nucleonics a nuclear work force of 
about 650, including 300 technical and 
professional personnel. . . . Two elec- 
tronic divisions of Telecomputing Corp. 

Brubaker Electronics and Nuclear 
Instruments, both in the Los Angeles 
area—have been integrated into the 
Electronic Systems div., 12835 Sati- 
, North Hollywood. . . . Vitro 
Corp. of America has consolidated its 
hemical and metallurgical operations 
under a new subsidiary—Vitro Chemi- 
cal Co. Swallowed up in the process 
Vitro Uranium Co., Heavy 
Minerals Co., and Vitro Rare Metals 
Co. . . . Atlas Corp. has been cleared 
by the merge five 
affiliated 
one company 


ing Co. 


coy St. 


were 


government to 
uranium-mining firms into 


Hidden Splendor Min- 


FINANCIAL. | Its 50% interest in 
Columbia-National Corp., zirconium 
producer, has been relinquished by 
National Research Corp; its holdings 
have been exchanged for preferred 
stock of the other partner—Columbia- 
Southern Chemical Corp. NRC de- 


cided to get out of the zirconium firm 
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because “it was not in a position”’ to 
assume its share of new 
required by excessive plant costs and 
startup expenses in Zr production. 

. Stockholders of U. S. Radium are 
to vote Dec. 15 on a proposed 3-for-1 


split in the common stock; approval 


would increase authorized shares from 


100,000 to 300,000. . . . Western Gold 


& Uranium has 
dividend—5% in 
intends to initiate cash dividends in 
1960. . . . Netsales of $17,474,065 and 
earnings of $1,553,938, or $1.74 per 


declared 


share, for the first nine months of 1959 | 


(more than double 1958 earnings) are 
reported by Speer Carbon Co., St. 
Mary’s, Pa. other 
Speer manufactures graphite products 


Among things, 


for nuclear applications. 


EXPANSIONS. 
ties at 6726 S. Ashland Ave., Chicago, 
have been o¢ cupied by the Tullamore 
Victoreen 
Victoreen also reports get- 
with its new 


Larger plant facili- 


Electronics subsidiary of 
Instrument. 
ting into “full swing” 
Industrial Automation div., which was 
organized to develop radiation applica- 
tions for nonnuclear industries... . 
Arthur D. Little, Inc., has opened an 
Zurich, Switz., under an 
program to serve U. 38. 


office in 
expansion 
industry with overseas interests. .. . 
Curtiss-Wright has purchased a 485,000 
sq ft plant. in East Paterson, N. J., from 
Allen B. DuMont 
plant will be occupied by the Elec- 
a variety of 


Laboratories; the 


tronics div., makers of 
instruments, including instrumentation 
for reactors. . . . Jamesbury Corp., 
Worcester, Mass., 
floor space to its 
facturing area, partly to meet growing 
demands for double-seal ball valves in 


is adding 70% more 
ball-valve manu- 
nuclear submarines. 


NEW BUSINESS. A 


awarded 


$1,485,650 
contract has Turner 
Construction Co. by AEC for erection 
buildings for the 


been 


of several support 
Zero Gradient Synchrotron under con- 
struction at Argonne National Labora- 
tory. ... The Missile and Space 
Vehicle dept. of General Electric, 
Philadelphia, has a $536,000 contract 
from the National Aeronautics and 
Space Administration to develop an 
improved device for measuring the 
radiation belts surrounding the earth; 


heart of the device is a series of nuclear | 


emulsion plates manufactured by Ilford, 
Ltd., England. 


financing | 


its first | 
stock; the firm | 


FOR NUCLEAR WORK 


20%, Ca we ge ie 


‘ as a ee es ee 


FIRST IN 
MILLIMICROSECOND 
INSTRUMENTS 


Fastest 
Sensitive & 
Sampling Millimicrosecond 

» Oscilloscope 
Max. Sweep Rate: 
0.05 musec (with 

time jitter 

less than 

-02 musec) 


: Risetime: 

0.4 millimicroseconds - 
Sensitivity: 4 mv/cm 
(signal-to-noise ratio 

30:1 at Full Scale 
Deflection) 
———— 


ee, 


LUMATRON 
Model 12AB 


Has set the standard in quality. 
Uses Tubes — 
for faster speeds 
greater sensitivity 
higher stability 


Now in use at 
Bell Laboratories 
MIT—Lincoin Laboratory 
Bureau of Standards 
Transitron Electronics, Inc. 
Hughes Semi-Conductor Div. 
Naval Research Laboratory 
Texas Instruments, Inc. 
and many others 


ELECTRONICS 
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PN eee], Bee 


for precise 
nuclear 
laboratory 


equipment 


= 














Portable Survey Meter Sample Changer 


A complete, highly versatile line of nuclear tubes and instru- 
mentation is available for your most exacting research, med- 
ical and industrial counting applications. 


For laboratory, industrial and field use, Anton offers a 
diversified group of instruments, all designed for speed, 
accuracy, efficiency and economy. Whether your requirements 
call for survey and monitoring instruments, ratemeters, special 
systems or control devices, we can supply units that have 
proven their superiority in numerous industrial and govern- 
ment nuclear installations. Typical of such instruments is the 
company’s precision laboratory ratemeter—the first commer- 
cially available log-linear count ratemeter. This instrument 
has a recorder jack, is ideally suited for analytical work and 
is widely used for chromatogram applications. (Request 
Bulletin 59-1.) 








End Window Counter 


“A 309 Gamma Counter 
BF, Neutron Counter : 








For truly precise counting requirements Anton manufactures 
more than 100 varieties of neutron detectors, halogen quenched 
counter and integrator tubes, organic quenched, and other 
types of alpha, beta and gamma detectors. If your specific 
application is not covered by our tube catalog, we can develop 
detectors and systems to fill your need. (Request Bulletin 59-T.) 


Our research and engineering group is ready to consult with you 
on specific nuclear component and instrumentation problems. 


ANTON ELECTRONIC LABORATORIES, INC. 


1226 FLUSHING AVE., BROOKLYN 37, N. Y. 


NUCLEAR CAMPUS 


® AEC is accepting applications for 
237 one-year fellowships—during the 
1960-61 school year—in three areas of 
nuclear graduate study: nuclear science 
and engineering, health physics and 
industrial hygiene. Only U.S. citizens 
are eligible. Forall fellowships contact 
Fellowship Office, University Relations 
div., ORINS, P. O. Box 117, Oak 
Ridge, Tenn. 

In nuclear science and engineering 


| 150 fellowships are available for study 


at 49 participating universities in first, 


| intermediate or final years of graduate 
| school; deadline for application is Jan. 1. 


In health physics five fellowships 


| lead to a doctorate and 70 are available 
| for one year of graduate study; partici- 


pating institutions are Harvard, Van- 
derbilt, California, Kansas, Michigan, 
Rochester, Washington and four AEC 
installations. Application deadline is 


| Feb. 1. 


In industrial hygiene 12 fellowships 


| are available leading to a master’s de- 


| gree; participating institutions are 
Harvard, Cincinnati, Michigan and 
= | Pittsburgh. Application deadline is 
| March 1. 


¢CAMPUS FACILITIES. Students 
at the Univ. of Florida have designed 
and built a linear accelerator for a total 


| cost of less than $100,000, adapting 


standard parts and using surplus prop- 
erty; design output of 10 Mev appears 
to have been exceeded substantially, ac- 
cording to William Fagan, professor of 
nuclear engineering. ... Univ. of 
Maryland expects to have a 10-kw 
pool-type reactor ready for the 1960-61 
school year; the facility was purchased 


| from Allis-Chalmers and will be housed 


with a subcritical facility and a reactor 
simulator in a building now under con- 
struction. . . . Four other institutions 
expect to have 10-kw training reactors 
in operation before the next academic 
year: lowa State Univ., an Argonaut- 


| type purchased from American Radi- 


ator and Standard Sanitary Corp., for 


| completion this winter; Virginia Poly, 
| also an American Radiator Argonaut 
| for completion in mid-1960; Univ. of 


Washington, an Argonaut-type from 


| AMF Atomics for completion next 
| September; and Univ. of California at 
| Los Angeles, also an AMF Argonaut- 
| type for completion by Jan. 31... . 


Kansas State Univ. has ordered a 
Triga Mark II training reactor from 


| General Atomic for operation by late 


1960; the 10-kw unit has a capability of 
100 kw. 
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| 
| Nov. 


|/NUCLEAR CALENDAR 


29-Dec. 4—Annual Meeting of 
American Society of Mechanical Engi- 
neers, Atlantic City, N. J. (Chalfonte- 
Haddon Hall). Two nuclear-engi- 
neering sessions. Contact ASME, 
29 W. 39th St., N. Y. 18, N. Y. 


| Dec. 1-2—Conference on Industrial Uses 


McGRAW-HILL 


| Feb. 3-5—Western 


Dec. 


of Radioisotopes, Detroit, sponsored 
by AEC, Greater. Detroit Board of 
Commerce and the Engineering So- 
ciety of Detroit. Contact Harry 
Richart, Greater Detroit Board of 
Commerce, 320 W. Lafayette St., 
Detroit 26, Mich. 


7-9—Seminar on Nuclear Ship 
Propulsion (with special emphasis on 
safety) sponsored by the International 
Atomic Energy Agency, Vienna. 
Contact IAEA 11-13 Karntner Ring, 
Vienna 1, Austria. 
Industrial Isotope 
Conference, San Francisco, 
sponsored by AEC, Univ. of California 
and Stanford Research Institute. 
Contact Prof. Lawrence M. Grossman, 
Univ. of California, 2451 Bancroft 
Way, Berkeley, Calif. 


Feb. 10-11—Symposium on Gas-cooled 
Reactors, sponsored by Franklin In- 
stitute and Delaware Valley Section, 
American Nuclear Society, Phila- 
delphia. To cover both U. S. and 
U. K. programs and include a British 
speaker at banquet Feb. 10. Contact 
Francis L, Jackson, FI, Philadelphia 3. 


| Feb. 14-18—Annual Meeting of Ameri- 





| April 3-8—6th Nuclear Congress, New | 
Includes 6th | 


whatever «4 sie 
your 
publication needs... 


Equipment Manuals — Product Cata- 
logs — Handbooks — Training Aids — 
Industrial Relations Literature — Pro- | 
cedural Guides — Engineering 
Presentations — —— and any type of | 
technical literature ? 


use our speciglists in ——— 
WRITING... EDITING | 
ILLUSTRATING ... PRINTING | 


McGRAW-HILL 


Technical Writing Service* 
330 West 42nd St., N.Y.C. 36 
LOngacre 4-3000 
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| Apr. 


can Institute of Mining, Metallurgical 
and Petroleum Engineers, New York. 


Contact AIMMPE, 29 W. 39th St., | 


m3. Om & F. 


| Feb. 25-26—7th Scintillation Counter | 


Washington, D. C. 
(Shoreham). Deadline for abstracts 
is Dec. 15. Contact G. T. Reynolds, 
Princeton Univ., Princeton, N. J. 


Symposium, 


York City (Coliseum) 
Nuclear Engineering & Science Con- 
ference, 8th Atomic Energy in Indus- 


try Conference and 6th Internationa! | 


Atomic Exposition. Contact E. B. 
Gunyou, Curtiss-Wright Corp., 
Princeton, N. J. 
19-22—International 
on the Metallurgy of Plutonium, 
Grenoble, France. Sponsored by 
French Society for Metallurgy. 


May 9-13—Instrument Society of Amer- | 
For papers on | 


ica, San Francisco. 
measurement and control instruments 
contact Martin E. Kantor, c/o General 


Atomic, P.O. Box 608, San Diego 12, | 


Calif. 


June 23-24—2nd Youth Conference on | 


the Atom, Univ. of Michigan, Ann 
Arbor. Contact Bozell 
2 W. 45th St., N. Y. 36, N. Y. 





Calif., | 


Symposium | 


& Jacobs, | 


“Hot” clothing 
can be washed 
eLaLemelseelene-laniiarchecie 


at the same time 


The American Laundry Machinery Com- 
pany has developed a wide range of auto- 
matically controlled, labor-saving laundry 
machinery especially for nuclear plants 
and laboratories. As a result, clothing 
exposed to radioactive or toxic materials 
can be washed and decontaminated right 
on the premises in one operation! 


Setting up the laundry is no problem either. 
American's experienced engineers will sur- 
vey your plant, furnish detailed plans and 
specifications, and supervise the entire in- 
stallation. You can have your own mod- 
ern, efficient laundry department without 
turning a hand. 


For complete information on nuclear 
plant laundry equipment, call your nearby 
American representative, or write for 
Catalog 2642. 


You get more from 


z 
A meteor 





4 
y 


WHERE TO BUY 


Featuring additional products, 
specialties and services for 
Atomic Power, Nuclear Engi- 
neering and Applied Radiation. 





THE MOST EXPERIENCED 


FILM BADGE SERVICE 


ST. JOHN X-RAY LABORATORY 


CALIFON, NEW JERSEY 
Established 1925 








CAN you afford to be without— 
RELIABLE 
FILM BADGE SERVICE 
especially at our low, low rates? 
For Information— WRITE: 
NUCLEAR SERVICE LABORATORY 
“Radiation Specialists" 








P.O. Box 1885 Knoxville 1, Tenn. 





~ NOW READY THE NEW 1959 
ISOTOPE INDEX 


. lists commercial sources of $5.00 U.S.A. 


all isot d labeled compounds : 
of 1s che and tab ty i as $5.50 Foreign 


SCIENTIFIC EQUIPMENT CO. 


DEPT. N, BOX 19086—INDIANAPOLIS 19, IND. 


PROFESSIONAL 
SERVICES 





ASTRA, Inc. 


For Your Atomic Energy Problems 
Nuclear Analyses. Reactor Specifications and 
Designs, Radiation Shielding Design and Anal- 
ysis, Criticality Hazards Studies, Thermody- 
namics and Heat Transfer Analysis, Facilities 
Planning, Health Physi 
P. O. Box 226 
VAnce 8-4386 


cs. 
Raleigh, North Carolina 
CABLE: ‘‘ASTRA"’ 


Mtn. atl 








INTERNUCLEAR COMPANY 


Nuclear consultants, i s. and desi 1] 


Economics of Nuclear Power, Reactor Analysis 
and Design, Shielding, Special Applications 





Clayton 5 Missouri 








NUCLEAR REACTOR ASSOCIATES 
Nuclear Engineering & Economic Consultants 


General economic consulting—Marketing—Nu- 

clear, metallurgical, mechanical, architectural 

and industrial engineering. 

436 Farmington Avenue, Hartford 5, Connecticut 
Telephone: ADams 6-321! 








The Consulting Engineer 


By reason of special training, wide ex- 
perience and tested ability, coupled with 
professional integrity, brings to his client 
detached engineering and economic advice 
that rises above local limitations and en- 
compasses the availability of all modern 
developments in the fields where he prac- 





tices as an expert. 








NEWSMAKERS 





First AEC award under a new program 
honoring outstanding management em- 
ployees of AEC contractors on their 
retirement has been made to Robert M. 
Evans of du Pont. 
charge of du Pont’s Atomic Energy div. 
directing the Savannah River plant) 
when he retired in September 1958. 


Evans was in 


Louis Polk, Jr., has been named assist- 
ant vice-president and manager of all 
gaging and automation systems ac- 
tivities of Bendix Aviation. He had 
been manager of the Measuray section 
(X-ray gages). 


Philip Mullenbach, one of the country’s 
few “nuclear economists,” has joined 
Growth Industry Shares, Ine., a 
mutual fund, as vice-president and 
director. Mullenbach has been with 
the Twentieth Century Fund, National 
Planning Assn., and AEC. 


New employees at Phillips Petroleum, 
Atomic Energy div., include: chemists 
Nicholas D. Stolica, Loral Decker, 
Malcolm Wilding and Ronald Ohlin; 
physicists Ormond L. Cordes, Dale 
Hankins and Dean Mackley; instru- 
ment engineer James B. Colson; 
chemical research engineer Dennis R. 
Evans, statistician Robert L. Finch; 
instrument physicist Willis H. Hestir; 
and reactor engineer James F. Shaffer. 


Warren H. Bruggeman, manager of 
core design for the D1G destroyer re- 
actor, has been ap- 
pointed manager, 
D1G reactor engi- 
neering, at Knolls 
Atomic Power Lab- 
oratory. Brugge- 
man taken 
responsibility for 
development and 
design of both D1G 
(land-based 
type reactor) and the two D2G reactors 
which will actually go into the de- 
stroyer (Bainbridge). 


has 


Bruggeman proto- 


Rapidly building up its staff, Radiation 
Applications, Inc., has added six full- 
time and two part-time staffers. In 
addition, Joseph Silverman has re- 
turned temporarily to RAI on a full- 
time basis, pending his move to the 
Maryland Univ. faculty this winter. 
New employees are: Herbert J. Gold- 
stein, a project director; Marjorie 
Sobel, Robert Sanford and Paul Miles, 


research chemists; Sarah Mook, ana- 
lytic chemist; and Caroline Foley, 
manager of administrative services. 
Allan Hoffman, MIT, 
tained as a consultant in 
chemistry and Punyamurtula Murali 
Krishna of India is working part-time 
as a research assistant. 


has been re- 


radiation 


John Gronan, formerly of Burns and 
Roe, has joined Alco Products as chief 
project engineer 
under Kenneth 
Kasschau, manager 
of the Nuclear 
Power Engineering 
dept. 
most recent assign- 
ment at Burns and 
Roe project 
manager for the 
firm’s portion of 


Gronan’s 


was 
Gronan 


the new plutonium-production reactor 
under construction at Hanford. 


Aikman Armstrong has been named 
chief application engineer for nuclear 
products in the Marketing div. of 
Marquardt Power Systems 
group. Armstrong had 
staff and administrative engineer in 
Nuclear Projects 


Corp.’s 
been chief 
Aerojet-General’s 

dept., Azusa, Calif. 


Associated Nucleonics has named Syl- 
van Wallach, formerly of Gibbs & Cox, 
manager of the Theoretical dept.— 
responsible for reactor physics, shield- 
ing, hazards analyses, etc., as part of 
the firm’s consulting service. 


Two scientists in GE’s Aircraft Nu- 
clear Programs (ANP) have taken 
other posts: Charles B. Magee has 
joined Booz, Allen Applied Research 
as a senior nuclear scientist; and 
James W. Haffner has joined Radia- 
tion Counter Laboratories as a special- 
ist in shielding and reactors, reporting 
to President Ernest Wakefield. 


Key personnel developments at General 
Atomic include: John M. Wild, former 
engineering director at the Air Force’s 
wind tunnel center, Tullahoma, Tenn., 
has been named director of Project 
Orion (development of space vehicles 
propelled by controlled nuclear ex- 
plosions) ; Bernard B. Smyth, Washing- 
ton, D. C., attorney and nuclear con- 
sultant, has been named East Coast 
manager, headquartered in Washing- 
tion; Arthur J. Stosick, a senior 
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research advisor at GA’s San Diego 

lab, and Park H. Miller, Jr., chairman 

of the Experimental Physics dept., 

have been named assistant directors of 

the lab (to Director Edward C. 

Creutz); and Lother W. Nordheim and 

Marshall N. Rosenbluth have been 
named senior research advisors. 

Nathan H. Woodruff has been ap- 

pointed director of AEC’s new Office of 

Health and Safety, 

where he will be 

responsible for co- 

ordinating and 

developing AEC ac- 

tivities, policies and 

standards on radia- 

tion hazards to 

workers and_ the 

public. Woodruff 

AEC’s §scien- 

representative at the U. S&S. 

Buenos Aires, and _ held 

several Oak Ridge posts for 11 years 

that. His deputy will 

Forrest Western, acting director since 

the new Office was established Sept. 15. 


Woodruff ; 
was 


tific 
embassy, 


before be 


Otto A. Schulze, former manager of 
AMF Atomics’ Engineering dept., has 
been promoted to 
general manager of 
AMF Atomics, with 
headquarters at 
Greenwich, Conn. 
Schulze joined AMF 
and has 
several 


in 1955 
served in 
capacities, includ- 
ing director of the 
development pro- 
gram for the firm’s closed-cycle boiling- 
water reactor. Hugh Neale, who has 
been assistant manager of the engineer- 
ing dept., succeeds Schulze as manager. 
With AMF since 1951, Neale has 
worked on their research-reactor and 
control-system programs. 


Schulze 


U. 8. Radium has elevated the manager 
of its Bloomsburg, Pa., plant—Henry A. 
Vaughn—to vice-president and director 
of the company. 


Willard F. Davis has been named man- 
ager of the Belgian reactor project 
(BR-3) at Westinghouse; he has been in 
the Atomic Power dept. since 1957. 


Aerojet-General Nucleonics has brought 
in Gordon Banerian from the parent 


firm—Aerojet-General Corp.—to take 
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charge of all engineering as a vice- 
president. In addition, A. Stanley 
Thompson has joined the staff in an 
undisclosed capacity and Gordon C. 
George has been named manager, | 
Office of Project Planning. Thompson 
was manager of engineering for Nuclear 
Development Corp. of America and 
George was working on space propul- 
sion and power systems in General 
Electric’s Flight Propulsion Laboratory. 


James C. Tourek has been appointed 
vice-president for engineering, Vitro | 
Engineering Co. 
He succeeds Sidney 
M. Stoller, who has 
been retained as an 
engineering consult- 
ant to the company. 
Tourek spent seven 
years for Vitro at 
Hanford Works 
(directing design, 
engineering and 
construction of facilities related to 
Hanford’s production activities) and 
has since directed construction of 
nuclear and other plants in the U. 8. 





Tourek 


and abroad. 


Gilliland Instrument Co. has brought | 
in Richard B. Newhall, an industrial | 
engineer, consultant and executive, to | 
direct ‘‘an extensive plant expansion | 


program” in 1960. 


John L. Zambrow has been named 
director of engineering at Sylvania- | 
Corning Nuclear Corp. A _ ten-year} 
employee of the firm, Zambrow had 
been manager of the Metallurgy on: 


Cornelius Groot has been named 
manager, coolant chemistry, at Knolls | 
Atomic Power Laboratory (General | | 
Electric). He was formerly super-| 
visor of corrosion and coatings work at | 


GE’s Hanford Atomic Products dept. 


Gaertner 
Coordinate 
Cathetometer 


M1236-22— 
Coordinate 
Cathetometer 


Measures remote objects— 
reads two coordinates in a 
vertical plane at one setting 


Radioactive materials, intensely hot 
specimens, or other remote or in- 
accessible objects are easy to mea- 
sure precisely and safely with this 
Gaertner Coordinate Cathetometer. 
It permits measurements of both x 
and y coordinates in a vertical plane 
at one setting. The object does not 
have to be rotated. This eliminates 
resetting errors and cuts measuring 
time in half. 


This Gaertner Coordinate Cathe- 
tometer has a horizontal range of 2 
inches and a vertical range of 2 
inches. It reads to 0.0001”. Working 
distance of 5 inches to infinity per- 
mits viewing through protective win- 
| dows in nuclear reactor work and is 
particularly useful where the object 
is recessed, remote or inaccessible. 


Other typical applications include 
measuring of traces on cathode ray 
tubes, complicated parts and printed 
circuits. It permits precise coordi- 
nate movement of other objects, such 
as photo cells and probes, mounted 
in place of the telemic roscope. The 
Coordinate Cathetometer is advan- 
tageous for many applications be- 
cause being optical it allows non- 
destructive measurements without 
contact, distortion, or concern about 


| pressure being applied to the object 


Atomic Power Deve 

has named Clyde C. Scott head of its | 
Electrical and Instrumentation section; 
Scott joined APDA from Minneapolis | 
Honeywell Regulator Co., where he was | 
nuclear systems engineer. 


As part of a consolidation (see p.135) | 
three Vitro executives have been pro- 
moted to vice-presidents of Vitro. 
Chemical Co.: Richard C. Cole, Paul R. | 

Kruesi and Malcolm H. McAllister. 


| SCIENTIFIC CORPORATION 


Gaertner Coordinate Cathetom- 
eters can be supplied without base 
for mounting on rods, optical 
benches, tripod supports. Available 
with various measuring ranges. 


Write for Bulletin 188-57 


designers and manufacturers of 
precision optica/ measuring instruments 


Gaertner 1257 Wrightwoed Ave. 


Chicage 14, lilinels 
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ATOMIC <q 
NUCLEAR PERSONNEL, for those who are y pA 
INSTRUMENTATION , NUCLEAR FISHIN’ 


ses : : A NEW placement service for people in the nuclear 
eran a08 Sane Ss field . . . wherever radioactivity is used or created. 


our expanding Nuclear Physics Sec- © Confidential handling! « 
sung rena anil " es j Send Us your resume or Personnel requirements 
years of nuclear instrumentation ex- . 

perience and a B.S. degree in 
Physics or Electrical Engineering. As ATOMIC PERSONNEL, INC. 1518 Walnut Street, Philadelphia 2, Pa, PEnnypacker 5-4908 
a Foundation staff member you will An Employment Agency for the Nuclear Field 


have an opportunity to contribute to 


a wide variety of challenging indus- 
‘ a PHYSICIST—-NUCLEAR 
trial and military research programs. ENGINEERING PHYSICIST $15,000 UP 


_ ° i i Physicist with advance degree who desires to 
In addition the Foundation offers a (Nondestructive Testing) expand technical knowledge needed by space 

. 1 ae Physicist or Metallurgist to participate in the firm regarded as fastest expanding West Coast 
professional atmosohere, competitive development of eddy current methods and concern. Some gas dynamics desirable. Fee 
other P emeed of nondestructive testing of paid by company. 
small diameter tubing. According to ability MONARCH PERSONNEL 
s : mercase reiacation allow. and ambition, duties may ultimately broaden 28 E. Jackson Blvd., Chicago 4, Illinois 
including SeACTOUS TEICCANON allow to encompass a number of instrument appli- 
ance, an excerilent vacation poiicy, cations connected with specialized tube manu- a 
* hb igs ; bos facture. BS degree and minimum of one to LEGAL NOTICE 
insurance 2nd reurerment programs, - years experience, preferably in the field 7 a : ee Sa 
i : oar of nondestructive testing. : 
and the opporwumity tor tuition-free Opportunity with one of the largest firms in STATEMENT —— BY THE ACT OF 

small diameter tubing field working with mis- AUGUST 24, 1912, AS AMENDED BY THE 
graduate study. sile and atomic energy ap; pientions. Send resume ACTS OF MARCH 3. 1933, AND JULY 
and salary desired to P-3026, NUCLEONICS. 2, 1946 (Title 39, United States Code, 
Section 233) SHOWING THE 
OWNERSHIP, MANAGEMENT, 
AND CIRCULATION 
A. J. Paneral Of Nucleonics published monthly at York, Pa., for 
October 1, 1959. 


ARMOUR RESEARCH FOUNDATION SYSTEMS MANAGEMENT—Salary $20,000+- a The names and addresses of the publisher, 
. ; editor, managing editor and business manager are: 
* One of our major clients needs three men ca- 
of illinois Institute of Technology pable of management in the systems concept of ee Wee Se Re my Bat 
very broad projects in the following fields: Nav- Editor, Jerome D. Luntz, 330 West 42nd Street, 
10 West 35th Street igational systems, weapons support, or commu- | New York 36, N. Y.; Managing Editor, Daniel I. 
Chi 16, Illinoi nications and countermeasures. Administrative Cooper, 330 West 42nd Street, New York 36, 
icago ’ inols experience a must. Company client assumes all N. Y.; Business Manager, James F. O’Brien, 330 
employment expense. West 42nd Street, New York 36, N. Y. 


No Charge to Individuals 








heraGt 
meant 


salaries and libera) employee b 


$ 











Please send a complete resume to: Class. Ad. Div., P.O. Box 12, N.Y. 36, N.Y. 
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_ — — under Indenture of Trust m/b James H. McGraw, 

NI f ‘| EK A R ADDRESS BOX NO. REPLIES TO: Box No. dated 1/14 21 as modified; Donald C. McGraw & 
Classified Adv. Div. of this publication. ~~ bef 1 Lg oe on jnconture 

Send to office searest yon. ° rust, m ames H. cGraw, dated 7/1/37 

as amended; Donald C. McGraw, individually; (all 
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]: 'NGIN KE, RS CHICAGO 11: 520 N. Michigan Ave. Mildred "W. ‘McGraw, ‘Madison. . New "Jersey; 
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SAN FRANCISCO #4: 68 Post St. 
‘ P . , Sngeed Fund, In 63 Wall ° " 
Nuclear engineer with experience in Y. hn. A _ Ai o e. St 7 
power reactor shield design. Fa- POSITION VACANT RL] New York, N. Y.; Touchstone & Co., ¢/o 
miliarity with shield fabrication “ Wellington Fund, Inc., Claymont, Delaware. 
techniques is desirable. Physicist, M.S. or Ph.D., for Radioisotope and 3. The known bondholders, mortgagees, and other 
Nuclear engineer with experience in Metabolic Research program of 727 GM&S bed, security holders owning or holding 1 percent or 
e design of reactor control sys- V.A. Hospital affiliated with Indiana University ™ore of total amount of bonds, mortgages, or 
tems. Knowledge of reactor kinetics Medical School. Work will consist of metabolic Other securities are: None. — 
t Pe escarch and tiolenicel d medical applications 4. Paragraphs 2 and 3 include, in cases where 
is desirable. researc ea; an PP nS the stockholde: hold 
of isotopes. Background in mathematics for dosime- a sei “al te ee hy saueen ae ke = 
ORSORT gradvates or equivalent preferred a7, een coals _ oe other fiduciary relation, the name of the person or 
e rti 
Starting salary commensurate with salary $7510 or 10130 per annum, depending on the ‘Geena inthe . “Somnoveghe  Ghaw “ne 
experience experience and education. Position is in the Career affiant’s full knowledge and belief as to the circum- 
. 7 Civil Service and will be filled through the com- stances and conditions, under which stockholders 
Relocation expenses paid petitive system. Write Personnel Officer, WAH, and security holders who do not appear upon the 


tes 1481 West i li diana. books of the company as trustees, hold stock and 
Must be US citizen = Tenth Street, Indianapo is, Indiana . securities in a capacity other than that of a bona 
Write to Personnel Director 


fide owner. 
_.. McGRAW-HILL PUBLISHING COMPANY, INC. 
GIBBS & COX, !NC. Graduate Nuclear Engineer, $.M. degree. Three By John J. Cooke, Secretary 
’ years experience in sign of Reactor Shielding. Sworn to and subscribed before me this 10th day 
of September, 1959, 


21 West Street, New York 6, N.Y. Desire position with small aggressive professional 
organization. PW-2859, Nucleonics. (SEAL) JANET A. HARTWICK. 


Ss l——te ______— saan eacend (My Commission expires March 30, 1961) 
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EMPLOYMENT OPPORTUNITIES 





A SPECIAL MESSAGE TO PuysiIcists, METALLURGISTS AND NUCLEAR ENGINEERS 





New groups now being staffed 
to accelerate development of advanced 
nuclear powerplant systems 


AT THE KNOLLS ATOMIC POWER LABORATORY 


to individual creativity is continuously felt by both the 

THE theoretician and the experimentalist at KAPL. Each 

CHALLENGE project undertaken presents genuinely new problems. 

The Laboratory is a research and development organi- 

zation, and investigations are primarily undertaken with definite objectives in 

view. Right now some intriguing exploratory work is going on involving new 
reactor concepts. 


enhances opportunities for professional achievement. 

THE It’s interesting to note that a significant percentage of 

ENVIRONMENT KAPL engineers and scientists hold doctoral degrees 

in disciplines as varied as: physics, chemistry, chem- 

ical engineering, metallurgy, ceramics, mechanical engineering, electrical engi- 
neering, mathematics, statistics, civil engineering. 


for experimental research studies in laboratories con- 

THE sidered among the best equipped in’ the nation. The 

TOOLS Laboratory has built, and currently operates seven 

critical assemblies of specialized types, two tiltable 

autoclaves enabling reactor tests under operating conditions, several complex 

heat transfer test loops. Routine procedures are substantially reduced by ex- 

tensive computer facilities and a variety of advanced nuclear test and instru- 
mentation equipment. 


is extended to nuclear engineers and physicists inter- 

AN ested in joining one of the new groups being formed 
INVITATION around key members of the KAPL staff. Those who 
join us now will enjoy particularly challenging 

opportunities, working in close liaison with acknowledged leaders in reactor 


technology. 


CURRENT OPENINGS: 





Advanced mathematics 
Analytical physics 

Computer programming 
Controls development 
Coolant chemistry & engineering 
Electrical design 
Experimental physics 
Facilities & construction 

Heat transfer — fluid flow 
Instrumentation development 
Mass spectrometry 

Materials application 
Mechanical design 

Nuclear analysis 

Physical metallurgy 
Powerplant equipment 
Pressure vessel design 
Radiochemistry 

Radiological engineering 
Reactor plant operation 
Stress analysis 
Systems analysis 
Welding & fabrication 
X-ray diffraction 


U.S. Citizenship Required 





PLEASE FORWARD YOUR 
RESUME IN CONFIDENCE INCLUDING 
SALARY REQUIREMENT. 
Appress Mr. A. J. SCIPIONE, 
Dept. 48 ML 


~~ Knolls Alomic Power Laboralory 


OPERATED FOR AEC. BY 


GENERAL @@ ELECTRIC 


SCHENECTADY. N.Y 
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EMPLOYMENT OPPORTUNITIES 


REACTOR-NUCLEAR 
RESEARCH 


The rapidly expanding activities 
of the Armour Research Founda- 
tion, a leading independent re- 
search organization, require the 
addition of several experienced 
THEORETICAL and EXPERIMENTAL 


ADVANCED PHYSICISTS for challenging as- 
signments on the diversified Re- 


ENGINEERING TEST actor and Nuclear research pro- 
REACTOR grams of its Physics Research 


Division. As a member of our 
staff you will enjoy the friendly 
atmosphere and _ cooperation 
which exist at Armour, plus the 
exceptional opportunity for crea- 
tive research coupled with ex- 
cellent facilities, working condi- 
tions, and stimulating staff as- 

NUCLEAR ENGINEERS socictions. Professional develop- 
In particular . . . REACTOR PHYSICISTS ment is encouraged’ through 


REACTOR INSTRUMENTATION ENGINEERS publication of papers, participa- 
tion in professional society activ- 
are needed 


ities, and our education program 
providing for tuition-free gradu- 
ate study. 





One Example of Internuclear Work 


DESIGN AND 
DEVELOPMENT FOR 
THE FLUX TRAP 
CONCEPT OF AN 


* ANOTHER EXAMPLE - Continuing consulting services to SENN 


Interesting jobs are available for reactor engineers who would enjoy 
participation in the growth of a small and independent company with 
excellent salaries and employee benefits 


Call or write: TECHNICAL DIRECTOR 


INTERNUCLEAR CO. °47-2«8 Clayton 5, Mo. 


Applicants should have a mini- 
mum of 3 years experience in 
one or more of the following 
areas: 








a 


ONTARIO HYDRO 


Nuclear Operations 


The following positions are open to fill requirements for NPD2, a 20 mw 
Nuclear Power Demonstrator under construction near Rolphton and Candu, 
a 200 mw Nuclear-Electric Station to be built near Kincardine. 
NUCLEAR ENGINEERS IN TRAINING 
Engineering or Science graduates (Minimum 7 years experience 
CHEMICAL ENGINEER OR CHEMIST 
(Minimum 5 years experience) 

FUEL ENGINEER—INSTRUMENT ENGINEER 
(Engineering graduate (Minimum 5 years experience ) 
TECHNICAL ENGINEER 
Engineering Physics graduate preferred. (Minimum 5 years experience 
Thermal or Nuclear experience desirable but not essential. Successful candi- 

dates will be given appropriate training in nuclear station operation. 


REACTOR PHYSICS 

RADIATION PHYSICS 

SPACE POWER AND PROPULSION 
ADVANCED REACTOR CONCEPTS 
NUCLEAR INSTRUMENTATION 
COSMIC RAY RESEARCH 
NEUTRON PHYSICS 

NUCLEAR WEAPONS 

SHIELDING 


Peed edad ede ada thn i i 


Apply giving experience and salary requested to: 


Supervisor, Employment Services 


620 University Avenue, Toronto, Ontario. 


As a staff member you will re- 
ceive a salary commensurate 
with your background and ex- 
perience and liberal benefits 
which include a generous reloca- 
tion allowance and up to 4 
weeks vacation. 


_—~wewewwww 
OO PPP PPB ~AB»AB>»~B»~B>»B-e eden edhe 


OO 














ENRICO FERMI ATOMIC 


STAFF NUCLEAR ENGINEERS POWER PLANT 





Salary to $12,555 


Assume major responsibility for planning and 
participating in evaluation of the nation’s re- 
actor programs. 

Substantial ‘general experience im one or 
more of the various reactor concepts or 

iali experience in analysis and evaluation 
heat transfer problems connected 





reactor de 
paid. Send resume to: 


Mr. A. W. Jackson 
Office of Personne! 
U. S. Atomic Energy Commission 
Washington 25, D. C. 








ee | For 
SUPERVISING RADIATION PROTEC- 
TION TECHNICIAN—To train, schedule, 
supervise and participate in work of Radia- 
tion Protection Technicians at plant site near 
Monroe, Michigan. 

3 to 5 years experience in Health Physics 
field required. Two years college training in 
sciences and mathematics preferred. 

If you meet our requirements, we will move 
you to Detroit and assist you with your first 
3 months living expenses. 

Salary commensurate with ability and ex- 
perience. Mail resume of qualifications to: 


A. J. MAYOTTE 


POWER REACTOR DEVELOPMENT CO. 
1911 First St. Detroit 26, Michigan 











For further information concern- 
ing employment at ARF, write or 
call: 


A. J. Paneral 
Armour Research Foundation 


of Illinois Institute of Technology 


10 West 35th Street 
Chicago 16, Illinois 


Saas $3 
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Ahyonne 


NATIONAL LABORATORY 


Operated by the University of Chicago under a 
contract with the United States Atomic Energy Commission 


Please write to: 
DR. LOUIS A. TURNER, DEPUTY DIRECTOR 
P.O. BOX 299-U2+> LEMONT, ILLINOIS 


Recognizing that research and instrumentation 
are always interdependent, Argonne maintains 
an intensive instrument program to support 
its research efforts. Both the requirements of 
the unique problems and the diversified 
techniques used have resulted in an instrument 
program of unusual breadth and interest. 
Research progress is, in turn, immeasurably 
enhanced by the devices—both electronic and 
otherwise—arising from this program and 

by the availability of the instrument 

experts involved. 


Staff positions are now available in both 
instrumentation and research fields for 
experienced as well as recently graduated 
B.S., M.S., and Ph.D. scientists and engineers. 


We would like to hear from you 
concerning your interests. 








EMPLOYMENT OPPORTUNITIES 








PLASMA 
RESEARCH 


The growing activities of our 
Plasma Research group now 
provides an exceptional op- 
portunity for experienced 
personnel with advance de- 
grees to conduct theoretical 


and experimental research on: 


* PLASMA PHENOMENA 


© ELECTRICAL DISCHARGES 
IN GASES 


* SHOCK WAVE 
PHENOMENA 


® ELECTRON BALLISTICS 


A few of the advantages of 
employment with the Founda- 
tion include competitive sal- 
aries, creative work atmos- 
phere, air-conditioned facili- 
ties, scientifically oriented 
management, and liberal 
benefits providing up to four 
weeks vacation and tuition- 


free graduate study. 
: * 


All replies handled confiden- 
tially. Write to: 


A. J. ’Paneral 
ARMOUR RESEARCH FOUNDATION 
of Illinois Institute of Technology 
10 West 35th Street 

Chicago 16, Illinois 





GENERAL NUCLEAR ENGINEERING CORPORATION 


has important contracts for 
the design and development of Gas Cooled Reactors and Boiling Water 
Reactors and has an immediate need for 


® Reactor Physicists 


* Mechanical Engineers 

* Reactor Instrumentation Engineers 
* Reactor Metallurgists 

* Technical Report Writers 


Applicants must have engineering or scientific degrees and a minimum 


of two years experience in nuclear energy. Salaries will be commen- 


surate with ability, training, and experience. 


Send resumes to L. C. Furney 


General Nuclear Engineering Corporation 
Dunedin, Florida 














NUCLEAR ENGINEERS 
AND PHYSICISTS 


FOR REACTOR ANALYSIS SECTION 


To establish and perform calculations for nuclear, thermal, 
kinetic and shielding analysis. 


College degree with several years actual experience required. 


Please send complete resume and salary in confidence to 
G. Y. Taylor, Administrative Services 


ALCO PRODUCTS, INC. 


SCHENECTADY 5 


NEW YORK 























HOSPITAL PHYSICIST 


required by 
SASK. DEPT. OF PUBLIC HEALTH 
for 
ALLAN BLAIR MEMORIAL CLINIC 
SASK. CANCER COMMISSION, 
REGINA, Canada 

SALARY RANGE: $606-$736 per month 
REQUIREMENTS: Completion of a four 


years honours course in physics and a grad- 
uate degree in physics. Preferably interest 
and experience in radiation physics and 
isotopes. 


DUTIES: To work in collaboration with 
medical staff in the treatment of cancer 
patients. 


APPARATUS: Conventional X-Ray therapy 
units and cobalt 60 teletherapy unit. This 
latter is suitable for both fixed and rotational 
therapy. There is a fully equipped and 
active isotope section. 800 mgm. of radium 
are in constant use for treatment in surface 
applications, implantation techniques and 
intra-cavitary techniques. 


BENEFITS: Four weeks holiday and three 
weeks accumulative sick leave allowance 
annually with pay, excellent pension and 
group life insurance plans and other bene- 
its. 


APPLICATIONS: Forms and further in- 
formation available at the Public Service 
Commission, Legislative Bldg., Regina, Sask., 
Canada. Applicants should refer to file No. 
6178. 


Wanted: 


Editor for 
NUCLEONICS 


Engineer 
with working experience 
in reactor technology 





Send resume, salary 
requirements to 


The Editor, NUCLEONICS 
330 West 42nd Street 
New York 36, New York 














Need Engineers? 
Contact them through this 


EMPLOYMENT OPPORTUNITIES Section 
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Focal Point 
for Nuclear Science 
and Engineering 


The John Jay Hopkins Laboratory for Pure and Applied 
Science is the focal point of General Dynamics’ General 
Atomic Division in San Diego, California .. .a modern center 
where strong engineering and developmental activities are 
combined with broad basic theoretical and experimental 
research ... an ideal environment for productive efforts in 
the fields of nuclear engineering and science. 


Here, the inherently safe TRIGA evolved from theoretical 
concept to operating reactor within the space of two years. 
Fourteen of these reactors for training, research and iso- 
tope production are now or soon will be in operation on five 
of the six continents of the world. With its safety and flash 
capability, TRIGA has made possible a whole new field of 
research in pulsed radiation. 


Here, engineers and scientists work in a creative atmos- 
phere on other advanced programs, including a high tem- 
perature gas-cooled reactor for central station nuclear 
power... a gas-cooled reactor and closed-cycle gas turbine 
system for merchant ship propulsion . . . controlled thermo- 
nuclear reactions . . . nuclear power for space vehicles... 
thermoelectricity. 


Rapid expansion of these programs has created openings, 
including senior positions, for experienced engineers and 
scientists who seek a high degree of individual responsi- 
bility together with unusual opportunities to demonstrate 
their initiative and ability. In engineering, for example, 
immediate openings now exist for nuclear engineers to work 
on the following problems: 


¢ Nuclear core design. 
¢ Selection, modification and application of computational 
techniques required to calculate reactor characteristics. 
Determination of reactivity requirements, the effects of 
temperature defect, fission product buildup and fuel 
depletion. 
Determination of reactor lifetime. 
Evaluation of economics associated with reactor core 
design. 
Optimization of power distribution throughout reactor 
lifetime. 
Analysis of critical experiments and application of results 
to reactor design problems. 
In addition to positions for nuclear engineers, openings also 
exist for qualified chemical engineers, metallurgists, math- 
ematicians, programmers, and experimental and theoretical 
physicists. Please address your letter of inquiry to Manager 
of Personnel, P.O. Box 608-A, San Diego 12, California. 


GENERAL ATOMIC 
ovison or GENERAL DYNAMICS 
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Beryllium 
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For applications in 
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MISSILES 

INSTRUMENTS 


Well established in special nuclear applications, BERYLLIUM METAL 
is now being used and tested for structural components in other industries. 

High strength to weight ratio ¢ good high temperature properties « high 
modulus ¢ excellent heat sink characteristics make this light metal attrac- 
tive for current and future design. 

Availability has improved—in quantity and mill forms—fabrication 
sources are increasing rapidly. 

Let us send our latest literature—technical sales service available. 
Keep abreast of latest developments with the growing use of BERYLLIUM 


through .. . 
THE BERYLLIUM CORPORATION 
a READING, PENNSYLVANIA 


| Writeto SALES ENGINEERING—BERYLLIUM METAL DEPT. for latest literature. 
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Your new 
power plant or 
expansion idea 


Location correct? 
Capacity adequate? 
Readily financed ? 


Timely ? 


Kaiser Engineers designs and builds 
a wide variety of power plants and 


nuclear facilities. 


Among KE’s most valued services 
are sound, searching economic analy- 
ses, feasibility studies and site evalua- 
tions. Ina word—Pre-Engineering— 
impartial, outside analysis which 
helps you decide whether to proceed 
with, defer or modify the project. 


Kaiser Engineers offers you cost- 
saving, time-saving, one-company 
service from concept through start- 
up. 


KAISER ENGINEERS 


Division of Henry J. Kaiser Company 
Oakland 12, California 
Pittsburgh, Washington, D. C., Chicago, New York 


® KE projects include work in Ghana, Japan, Puerto 
Rico, Vietnam, as well as the United States. They en- 
compass such diverse assignments as nuclear fuel analy- 
sis, a nuclear research center, plutonium productien 
reactor, steam-electric power station and a hydro-elec- 
tric plant. 


5459-P 
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...for Moderators, Reflectors, Thermal Columns, Molds and Crucibles 


Graphite is the material nuclear scientists 
call surprisingly versatile. Starting with the 
very first reactor, science has used this ver- 
satility to solve nuclear engineering problems. 

“National” Nuclear Graphite was used in 
early reactors because of its excellent mod- 


erating properties and low neutron cross- 
section. its low cost, safety, easy machin- 
ability and high refractory qualities also 
combine to make it an indispensable struc- 
tural material. Moreover, the addition of 
boron in low percentages makes graphite 


excellent for shielding. 

Whatever your needs...extreme purity, 
unique shapes or sizes, high density, large 
quantities, fast delivery...see National 
Carbon, the nation’s most experienced 
graphite producer. 


Write today for 
8-Page Brochure 
“ ‘National’ Nuclear Graphite” 
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“‘National”’ and “‘Union Carbide"’ are registered trade-marks of Union Carbide Corporation 
NATIONAL CARBON COMPANY : Division of Union Carbide Corporation + 30 East 42nd Street, New York 17, N. Y. 
OFFICES: Birmingham, Chicago, Houston, Kansas City, Los Angeles, New York, Pittsburgh, San Francisco « IN CANADA: Union Carbide Canada Limited, Toronto 


